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METHOD AND APPARATUS FDR TREATING THE ATMOSPHERE 

RBlatgd Applications: 
This is a continuation-in-part of U.S. Serial No. 08/412,525 
filed torch 29 , 1995; and a continuation-in-part application of 
U.S. Serial No. 08/537,206 filed September 29, 1995 which is a 
continuation-in-part application of U.S. Serial No. 08/410,445 
filed on March 24, 1995 bearing attorney docket no. 3777A which 
is a continuation-in-part application of U.S. Serial No. 
08/376,332 filed on January 20 , 1995, all of said applications 
herein incorporated by reference. 

warTOROU wn op the invention 
P-jglri of fch A Invention 
The present invention relates to a method and apparatus for 
cleaning the atmosphere; and more particularly to a stationary 
substrate such as a stationary motor vehicle comprising at least 
one atmosphere contacting surface having a pollution treating 
composition thereon. 

rHwraisg-tnn of fhfi Relat-pri Art 

A review of literature relating to pollution control reveals 
that the general approach is to reactively clean waste streams 
entering the environment. If too much of one pollutant or 
another is detected or being discharged, the tendency has been 
to focus on the source of the pollutant, the cause of the 
pollutant or the waste stream conta ining the pollutant. For the 
most part gaseous streams are treated to reduce the pollutants 
prior to entering the atmosphere. 

It has been disclosed to treat atmospheric air directed into 
a confined space to remove undesirable components therein. 
However, there has been little effort to treat pollutants which 
are already in the environment; the environment has been left to 
its own self cleansing systems. 

References are known which disclose proactively cleaning the 
environment. U.S. Patent No. 3,738,088 discloses an air 
filtering assembly for cleaning pollution from the ambient air 
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by utilizing a vehicle as a mobile cleaning device. A variety 
of elements are disclosed to be used in combination with a 
vehicle to clean the ambient air as the vehicle is driven through 
the environment. In particular, there is disclosed ducting to 
5 control air stream velocity and direct the air to various filter 
means. The filter means can include filters and electronic 
precipitators. Catalyzed postf liters are disclosed to be useful 
to treat nonparticulate or aerosol pollution such as carbon 
monoxide, unburned hydrocarbons, nitrous oxide and/or sulfur 

10 oxides, and the like. 

Another approach is disclosed in U.S. Patent No. 5,147,429. 
There is disclosed a mobile airborne air cleaning station. In 
particular this patent features a dirigible for collecting air. 
The dirigible has a plurality of different types of air cleaning 

15 devices contained therein. The air cleaning devices disclosed 
include wet scrubbers, filtration machines, and cyclonic spray 
scrubbers. 

The difficulty with devices disclosed to proactively clean 
the atmospheric air is that they require new and additional 

20 equipment. Even the modified vehicle disclosed in U.S. Patent 
No. 3,738,088 requires ducting and filters which can include 
catalytic filters. 

DE 40 07 965 C2 to Klaus Hager discloses a catalyst 
comprising copper oxides for converting ozone and a mixture of 

25 copper oxides and manganese oxides for converting carbon 
monoxide. The catalyst can be applied as a coating to a self 
heating radiator, oil coolers or charged-air coolers. The 
catalyst coating conprises heat resistant binders which are also 
gas permeable. It is indicated that the copper oxides and 

30 manganese oxides are widely used in gas mask filters and have the 
disadvantage of being poisoned by water vapor. However, the 
heating of the surfaces of the automobile during operation 
evaporates the water. In this way, continuous use of the catalyst 
is possible since no drying agent is necessary. 

35 Responsive to the difficulties associated with devices for 

proactively treating the atmosphere, the Assignee herein in U.S. 
Patent Application Serial No. 08/589,182 filed on January 19, 
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1996, bearing attorney docket no. 3777C, incorporated herein by 
reference, disclosed apparatus and related methods for treating 
the atmosphere by employing a moving vehicle. In preferred 
embodiments a portion of the cooling system (e.g. the radiator) 
5 is coated with a catalytic or adsorption composition. 
Additionally, a fan associated with the cooling system can 
operate to draw or force air into operative contact with the 
radiator. Pollutants contained within the air such as ozone 
and/or carbon monoxide and/or hydrocarbons are then converted to 
10 non-polluting compounds (e.g. oxygen gas, carbon dioxide and 
water) . 

While this system is effective for reducing or eliminating 
pollution by the use of moving vehicles, it should be noted that 
only about 10% of all motor vehicles are moving during peak 

15 pollution periods, typically from about noon to 6 p.m. for ozone. 
Ozone is generated in highest concentrations during the hottest 
part of the day. In large cities such as Los Angeles, New York 
and the like the afternoon hours represent the periods of highest 
ozone concentration. Yet if only 10% of all motor vehicles are 

20 moving during this period of time, then the remaining 90% of the 
motor vehicles are idle and cannot avail themselves of the 
pollution eliminating benefits described in U.S. Patent 
Application Serial No. 08/589,182 filed on January 19, 1996 
bearing attorney docket no- 3777C. 

25 It would therefore be a significant advance in the art of 

treating the atmosphere to remove pollutants if stationary 
devices such as billboards, air conditioners, non-moving motor 
vehicles a n<* the like equipped with a pollution removing 
composition, can be used to treat air to remove pollutants 

30 therefrom. In particular, it would be of significant benefit to 
employ the tremendous numbers of idle motor vehicles as air 
treating devices to reduce pollution and smog, particularly in 
large cities. 



fitimmaTy of the Invention 
35 The present invention relates to an apparatus and method to 

treat the atmosphere to remove pollutants therefrom. The term 
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■atmosphere" is defined herein as the mass of air surro unding the 
earth. The term "ambient air" shall mean the atmosphere which 
is drawn or forced towards the substrate. It is intended to 
include air which has been heated either incidentally or by a 
5 heating means. 

The present invention is generally directed to a method for 
treating the atmosphere comprising passing ambient air over a 
stationary substrate having at least one air contacting surface 
having a pollutant treating ccnposition thereon. The stationary 

10 substrate is any substrate that can be modified by coating, for 
example, to contain the pollutant treating composition. In a 
preferred form of the invention, the stationary substrate is 
associated with a motor vehicle at rest with the engine shut off. 
The ambient air is drawn over the substrate by natural wind 

15 currents or preferably by the use of an air drawing means such 
as a fan or the like to draw or force ambient air into operative 
contact with the substrate having the pollution treating 
composition thereon. By way of example, the fan may be 
positioned in a tunnel, or as part of an air conditioning system 

20 or a fan, preferably in motor vehicles a standard fan, used in 
a conventional cooling system of a motor vehicle. The fan is 
typically operated by a power source such as a battery, 
preferably the conventional 12 volt battery used in a motor 
vehicle, solar panel and the like. 

25 The present invention is devised to operate in response to 

the presence of pollutants in the atmosphere. Accordingly, the 
present invention may be provided with a sensor adapted to detect 
levels of selected pollutants such as ozone. At various 
locations, such as certain urban areas (i.e. Los Angeles) one 

30 pollutant, ozone is present at peak levels during the early 
afternoon hours (i.e. noon to 6 p.m.). 

Alternatively, the fan or other air drawing or forced air 
device may be activated once the temperature of the ambient air 
reaches a predetermined minimum level (e.g. 85 °F) . Temperature 

35 may be used as an indication of the presence of ozone. This is 
because it is known that on hot days, the level of ozone is at 
its highest. Accordingly, a temperature sensor may be used to 
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activate the power source when the temperature reaches a 
predetermined minimum (e.g. 85°F) . 

If the power source is drained or cannot sustain the voltage 
necessary to drive the air drawing device without interfering 
5 with the power source's ability to start the vehicle, it is 
desirable to override the system. In this way, the air drawing 
device is not activated or is deactivated even if the ambient air 
contains the nvjrHmurn concentration of pollutants and/or is at the 
minimum required temperature. Accordingly, the present invention 
can be provided with a power level detecting device or sensor 
which detects the level of power available from the power source 
anrt compares the available power with a predetermined power level 
sufficient to operate the air drawing device and allow easy 
starting of the vehicle. 

In smother aspect of the present invention there may be 
provided a timing device which serves to activate the air drawing 
device for a preselected amount of time and/or a predetermined 
period of time when the vehicle is not in operation* It should 
be understood that the system of the present invention is 
deactivated when the engine of a motor vehicle is operating. 

The present invention is also applicable to conditions where 
the ambient air is heated by a heater or by incidental contact 
with a heated object such as a motor vehicle radiator or engine 
which has not yet cooled to ambient temperatures or by other 
moana such as a heat exchanger. Elevating the temperature of the 
ambient air makes it possible to convert additional pollutants 
(e.g. carbon monoxide) to non- polluting compounds (e.g. carbon 
dioxide) . 

The present invention is directed to compositions, methods 
and articles to treat pollutants in air. Such pollutants may 
typically ccoprise from 0 to 400 parts, more typically 1 to 300, 
and yet more typically 1 to 200, parts per billion (ppb) ozone; 
0 to 30 parts, and more typically 1 to 20, parts per million 
(ppm) carbon monoxide; and 2 to 3000 ppb unsaturated hydrocarbon 
compounds such as C 2 to about C 20 olefins and partially oxygenated 
hydrocarbons such as alcohols, aldehydes, esters, ethers, ketones 
and the like. Typical hydrocarbons which can be treated include, 
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but are not limited to, propylene, butylene, formaldehyde and 
other airborne hydrocarbon gaaes and vapors. Other pollutants 
present may include nitrogen oxides and sulfur oxideB. The 
National Ambient Air Quality Standard for ozone is 120 ppb, and 

5 for carbon monoxide is 9 ppm. 

Pollutant treating compositions includ e catal yst 
c omposition s useful for catalyzing the conversion of pollutants 
present in the atmosphere to non- objectionable materials. 
Alternatively, adsor ption compositions can be used as the 

0 pollutant treating composition to adsorb pollutants which can be 
destroyed upon adsorption, or stored for further treatment at a 
later time. 

Catalyst compositions can be used which can assist in the 
conversion of the pollutants to harmless compounds or to less 

5 harmful compounds. Useful and preferred catalyst compositions 
include compositions which catalyze the reaction of ozone to form 
oxygen, catalyze the reaction of carbon monoxide to form carbon 
dioxide, and/or catalyze the reaction of hydrocarbons to form 
water and carbon dioxide. Specific and preferred catalysts to 

3 catalyze the reaction of hydrocarbons are useful for catalyzing 
the reaction of low molecular weight unsaturated hydrocarbons 
having from two to twenty carbons and at least one double bond, 
such as C 2 to about Q, mono- olefins. Such low molecular weight 
hydrocarbons have been identified as being sufficiently reactive 

5 to cause smog. Particular olefins which can be reacted include 
propylene and butylene. A useful and preferred catalyst can 
catalyze the reactions of both ozone and carbon monoxide; and 
preferably ozone, carbon monoxide and hydrocarbons. 

Q*pn* - Useful and preferred catalyst compositions to treat 

3 ozone include a composition comprising manganese compounds 
including oxides such as Mn 2 0 3 and Mn0 2 with a preferred 
composition comprising a-Mn0 2 , and cryptomelane being most 
preferred. Other useful and preferred compositions include a 
mixture of Mn0 2 and CuO. Specific and preferred compositions 

5 comprise hopcalite which contains CuO and Mn0 2 and, more 
preferably Carulite* which contains Mn0 2 , CuO and A1 2 0 3 and sold 
by the Cams Chemical Co. An alternative composition comprises 
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a refractory metal oxide support on which is dispersed a 
catalytically effective amount of a palladium component and 
preferably also includes a manganese component. Also useful is 
a catalyst comprising a precious metal component, preferably a 

5 platinum component on a support of coprecipitated zirconia and 
manganese oxide. The use of this coprecipitated support has been 
found to be particularly effective to enable a platinum component 
to be used to treat ozone* Yet another composition which can 
result in the conversion of ozone to oxygen comprises carbon, and 

0 palladium or platinum supported on carbon, manganese dioxide, 
Carulite* and/or hopcalite. Manganese supported on a refractory 
oxide such as alumina has also been found to be useful. 

rarhnn Monoxide - Useful and preferred catalyst compositions 
to treat carbon monoxide include a composition comprising a 

5 refractory metal oxide support on which is dispersed a 
catalytically effective amount of a platinum or palladium 
component, preferably a platinum component. A most preferred 
catalyst composition to treat carton monoxide cooqprises a reduced 
platinum group component supported on a refractory metal oxide, 

0 preferably titania. Useful catalytic materials include precious 
metal components including platinum group components which 
include the metals and their compounds. Such metals can be 
selected from platinum, palladium, rhodium and ruthenium, gold 
and/or silver components. Platinum will also result in the 

5 catalytic reaction of ozone. Also useful is a catalyst comprising 
a precious metal component, preferably a plat i num component on 
a support of coprecipitated zirconia and manganese dioxide. 
Preferably, this catalyst embodiment is reduced. Other useful 
conpositions which can convert carbon monoxide to carbon dioxide 

0 include a platinum component supported on carbon or a support 
comprising manganese dioxide. Preferred catalysts to treat such 
pollutants are reduced. Another composition useful to treat 
carbon monoxide comprises a platinum group metal component, 
preferably a platinum component, a refractory oxide support, 

15 preferably alumina and titania and at least one metal component 
selected from a tungsten component and rhenium component, 
preferably in the metal oxide form. 
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Hydrocarbons - Useful and preferred catalyst compositions 
to treat unsaturated hydrocarbons including C* to about C 20 
olefins and typically C 2 to Ce mono* olefins such as propylene and 
partially oxygenated hydrocarbons as recited have been found to 
5 be the same type as recited for use in catalyzing the reaction 
of carbon monoxide with the preferred compositions for 
unsaturated hydrocarbons comprising a reduced platinum component 
and a refractory metal oxide support for the platinum component. 
A preferred refractory metal oxide support is titania. Other 

10 useful compositions which can convert hydrocarbons to carbon 
dioxide and water include a platinum component supported on 
carbon or a support con?>rising manganese di oxide . Preferred 
catalysts to treat such pollutants are reduced. Another 
composition useful to convert hydrocarbons comprises a platinum 

15 group metal component, preferably a platinum component, a 
refractory oxide support, preferably alumina »^ titania and at 
least one m etal component selected from a tungsten component and 
rhenium component, preferably in the metal oxide form. 

Ozone and Carbon Monoxide - A useful and preferred catalyst 

20 which can treat both ozone and carbon monoxide comprises a 
support such as a refractory metal oxide support on which is 
dispersed a precious metal component. The refractory oxide 
support can comprise a support component selected from the group 
consisting of ceria, alumina, silica, titania, zirconia, and 

25 mixtures thereof. Also useful as a support for precious metal 
catalyst components is a coprecipitate of zirconia and manganese 
oxides. Most preferably, this support is used with a platinum 
component and the catalyst is in reduced form. This single 
catalyst has been found to effectively treat both ozone and 

30 carbon monoxide . Other useful and preferred precious metal 
components are comprised of precious metal components selected 
from palladium and also platinum components with palladium 
preferred. A combination of a ceria support with a palladium 
component results in an effective catalyst for treating both 

35 ozone and carbon monoxide. Other useful and preferred catalysts 
to treat both ozone and carbon monoxide include a platinum group 
canponent, preferably a platinum component or palladium component 
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and more preferably a platinum component, on titania or on a 
combination of zirconia and silica. Other useful compositions 
which can convert ozone to oxygen and carbon monoxide to carbon 
dioxide include a platinum component supported on carbon or on 
a support comprising manganese dioxide. Preferred catalysts are 
reduced. 

n*nng. rarhnn Monoxide and Hydrocarbons - A useful and 
preferred catalyst which can treat ozone, carbon monoxide and 
hydrocarbons, typically low molecular weight olefins (C 2 to about 
C 20 ) and typically C 2 to Cs mono- olefins and partially oxygenated 
hydrocarbons as recited comprises a support, preferably a 
refractory metal oxide support on which is dispersed a precious 
metal component. The refractory metal oxide support can comprise 
a support component selected from the group consisting of ceria, 
alumina^ titania, zirconia and mixtures thereof with titania most 
preferred. Useful and preferred precious metal components are 
comprised of precious metal canqponents selected from platinum 
group components including palladium and platinum components with 
platinum most preferred. It has been found that a combination of 
a ti tani a support with a platinum component results in the most 
effective catalyst for treating ozone, carbon monoxide and low 
molecular weight gaseous olefin compounds . It is preferred to 
reduce the platinum group components with a suitable reducing 
agent. Other useful compositions which can convert ozone to 
oxygen, carbon monoxide to carbon dioxide, and hydrocarbons to 
carbon dioxide include a platinum component supported on carbon , 
a support comprising manganese dioxide, or a support comprising 
a coprecipitate of manganese oxides and zirconia. Preferred 
catalysts are reduced. 

The above compositions can be applied by coating to at least 
one atmosphere contacting (e.g., vehicle) surface. Particularly 
preferred compositions catalyze the destruction of ozone, carbon 
monoxide and/or unsaturated low molecular weight olefinic 
compounds at ambient conditions or ambient operating conditions. 

Various of the catalyst compositions can be combined, and 
a combined coating applied to the atmosphere contacting surface. 
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Alternatively, different surfaces or different parts of the same 
surface can be coated with different catalyst compositions. 

The method and apparatus of the present invention are 
preferably designed so that the pollutants can be treated at 

5 ambient conditions, requiring no heating means or incidental 
heat. The present invention is particularly useful for treating 
ozone by coating a surface (e.g. motor vehicle atmosphere 
contacting surfaces) with suitable catalysts useful to destroy 
such pollutants at ambient conditions. The percent conversion 

0 of a pollutant, such as ozone depends on the temperature and 
space velocity of the atmospheric air relative to the catalyst 
surface, and the temperature of the atmosphere contacting 
surface. 

Accordingly, the present invention, in its most preferred 

5 embodiments results in at least reducing the ozone levels present 
in the atmosphere without the addition of any mechanical features 
or energy source to existing substrates, particularly motor 
vehicles. Additionally, the catalytic reaction of ozone to 
oxygen takes place at the normal ambient conditions experienced 

D by the surfaces of these motor vehicle elements when not in 
operation so that minimal changes in the construction or method 
of operation of the motor vehicle are required. 

While the preferred embodiments of the present invention are 
directed to the destruction of pollutants at the ambient 

5 operating temperatures , it will be noted that the ambient air may 
be heated by a heating means such as a heater or by incidental 
or other contact with a heated component of the stationary 
substrate (e.g. the engine of a motor vehicle) . This may allow 
other pollutants to be catalyzed which require a higher reaction 

0 temperature than the ambient temperature or ambient operating 
temperature of the atmosphere contacting surface. Such 
pollutants include carbon monoxide, hydrocarbons and nitrogen 
oxides. These pollutants can be treated at higher temperatures 
typically in the range of at least 40 to 450°C. This can be 

5 accomplished, for example, by the use of an auxiliary heated 
catalyzed surface. By an auxiliary heated surface, it is meant 
that there are supplemental means to heat the surface. A 
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preferred auxiliary heated surface is the surface of an 
electrically heated catalyzed monolith such as an electrically 
heated catalyzed metal honeycomb of the type known to those 
skilled in the art. Electricity can be provided by batteries or 
5 a generator such as are present in motor vehicles. The catalyst 
con^KJsition can be any well known oxidation and/or reduction 
catalyst^ preferably a three way catalyst (TWC) comprising 
precious group metals such as platinum, palladium, rhodium and 
the like supported on refractory oxide supports. 

10 As previously stated, adsorption compositions can also be 

used to adsorb pollutants such as hydrocarbons and/or particulate 
matter for later oxidation or subsequent removal. Useful and 
preferred adsorption compositions include zeolites, other 
molecular sieves, carbon, and Group IIA alkaline earth metal 

15 oxides such as calcium oxide. Hydrocarbons and particulate matter 
can be adsorbed from 0°C to 110 P C and subsequently treated by 
desorption followed by catalytic reaction or incineration. 

It is preferred to coat areas of the substrate that have a 
relatively high surface area exposed to a large flow rate of 

20 atmospheric air. For land use motor vehicles, particularly 
preferred atmosphere contacting surfaces include the radiator, 
fan blades, the air conditioning condenser or heat exchanger, air 
charge cooler, engine oil cooler, transmission oil cooler, and 
wind deflectors of the type used on the roof of truck cabs. 

25 Most preferably for motor vehicles, the atmosphere 

contacting surface is a surface of a radiator. The radiator has 
a large surface area for enhanced cooling of internal combustion 
engine fluid coolants. By applying a catalyst to be supported on 
the radiator surface, advantage can be taken of the large 

30 honeycomb- like surface area. The high honeycomb- like surface area 
enables a maximization of contact of the catalyst with the air 
passing through the honeycomb- like design of the radiator. 

The present invention includes methods to coat pollutant 
treating conpositions on to atmosphere contacting surfaces as 

35 described herein. In particular, the present invention includes 
a method to coat catalyst ccn^ositions onto finned elements such 
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as radiators, air conditioner condensers, air charge coolers and 
other surfaces. 

Brief Dftflffrint-.lnn nf i-h» Drawings 
The following drawings in which like reference characters 
5 indicate like parts are illustrative of embodiments of the 
invention and cure not intended to limit the invention as 
encompassed by the claims forming part of the application. 

Figure 1 is a side schematic view of a truck showing a 
10 grill, air conditioner condenser, radiator, fan and engine with 
a wind deflector on the roof of the truck cab; 

Figure 2 is a partial schematic view of a motor vehicle 
showing the grill, air conditioner condenser, radiator and fan; 

15 Figure 3 is a front view of the radiator; 

Figure 4 is a front view of the air conditioner condenser; 

Figure 5 is a front view of a wind deflector of the type 
illustrated in Figure 1; 

20 Figure 6 is a front view of the truck of Figure 1; 

Figure 7 is a copy of a photograph of the coated radiator 
from Examples 1 and 2; 

Figure 8 is a schematic view of an embodiment of the 
25 invention wherein the fan is activated when a timing device 
detects an "on" period of time; 

Figure 9 is a schematic view of smother embodiment of the 
invention where the fan is activated when a temperature sensor 
senses a temperature at least equal to a predetermined 
30 temperature; 
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Figure 10 is a schematic view of another embodiment of the 
invention where the fan is activated when a pollution sensor 
detects a level of pollutants at least equal to a predetermined 
level of pollutants; 

5 Figure 11 is a schematic view similar to Figure 8 of a still 

further embodiment of the invention wherein a sensor detects the 
level of power in the power source; 

Figure 12 is a flow chart showing the operation of the 
embodiment shown in Figure 11; 

10 Figure 13 is a schematic view of another embodiment of the 

invention including a sensor for detecting the level of power in 
the power source, a timer for limiting operation of the device 
to a predetermined period of time and a sensor for detecting 
either tesqperature or the level of pollutants in the atmosphere; 

15 Figure 14 is a flow chart showing the operation of the 

embodiment shown in Figure 13; 

Figure 15 is a further embodiment of the invention wherein 
the device includes a remotely positioned signal generator and 
a receiver within the vehicle for activating the fan; 

20 Figure 16 is a still further embodiment of the invention 

applied to a conventional billboard; 

Figure 17 is a further embodiment of the invention as 
applied to a residential window air conditioning unit; and 

Figure 18 is still another embodiment of the invention 
25 applied to a tunnel . 

Figure 19 is an IR spectrum for cryptomelane. 
Figure 20 is an XRD pattern for cryptcmelane shown as counts 
using a square root scale versus the Bragg angle, 26. 
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Detail firt Dpfmription of the Invention 
The present invention is directed to an apparatus and a 
related method for treating the atmosphere in which a substrate, 
operatively attached to a non-moving device (e.g. a non-moving 

5 motor vehicle) , has a pollution treating composition thereon. 
When air is drawn or forced into contact with the substrate the 
pollutants are caused to change into non-polluting compounds. 

The atmosphere contacting surface of the substrate which 
contains the pollution treating composition is in direct contact 

0 with the atmosphere. Preferred and useful atmosphere contacting 
surfaces include billboards, signs, heat exchange coils, air 
conditioning systems, surfaces associated with supplying air to 
tunnels, and surfaces associated with motor vehicles such as body 
surfaces, sign deflector surfaces, grill surfaces, mirror backs. 

5 Such surfaces must contact the ambient air alone (i.e. relying 
on natural wind currents) or through the assistance of an air 
drawing or forcing means such as a fan. In another aspect of the 
invention, a heating means or incidental heat sure used to elevate 
the tenperature of the ambient air making it more susceptible to 

0 removal or conversion of additional undesirable pollutants. 

In motor vehicles, preferred and useful atmosphere 
contacting surfaces include body surfaces, wind deflector 
surfaces, grill surfaces, mirror backs and the surfaces of "under 
the hood" components. Preferred atmosphere contacting surfaces 

5 are located within the body of the motor vehicle, typically in 
proximity to the engine, i.e., the engine compartment . The 
surfaces are preferably the surfaces of cooling means which 
comprise an in flow path for liquids or gases through a coolant 
walled enclosure such as tubes or a housing and an outer surface 

0 on which is located fins to enhance heat transfer. Preferred 
atmosphere contacting surfaces comprise a finned outer surface 
and are selected from the outer surfaces of the radiator, air 
conditioner condenser, the surfaces of the radiator fan, engine 
oil cooler, transmission oil cooler, power steering fluid cooler 

5 and air charge cooler also referred to as an intercooler or after 
cooler. Surfaces of the air conditioner condenser and radiator 
are preferred due to their large surface area and relatively high 
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ambient operating ten5>eratures of from about 40°C to 135°C and 
typically up to 110*C. The most preferred atmosphere contacting 
surfaces are the outer surfaces of the air conditioner condenser 
and radiator due to the presence of a) a large surface area, b) 

5 a fan, c) an electrical power source and d) appropriate sensors 
as explained hereinafter. 

One advantage of the present invention is that the 
atmosphere contacting surface useful to support a pollution 
treating composition cam be any existing surface which lies in 

0 the path of a flow of ambient air. Accordingly, the apparatus 
and method of the present invention can be located on existing 
components of new cars or retrofitted onto old cars. 

In addition, stationary substrates such as billboards may 
be coated in accordance with the invention. Conversion of ozone 

5 to oxygen can occur by the passage of natural currents of air at 
ambient temperatures into contact with the coated surfaces of the 
billboard. 

Stationary substrates can also include residential or 
commercial external {i.e. window) air conditioning systems in 

0 which, the heat exchanger, the fan or other suitable surfaces can 
be coated. Passage of air through the air conditioner will 
result in the conversion of ozone to oxygen. The present 
invention is also applicable to tunnels, such as underground 
tunnels for passage by motor vehicles. The tunnels can be 

5 provided with fans which themselves are coated or other coat able 
surfaces to reduce ozone levels within the tunnel. 

The present invention also provides for activating an air 
drawing device, when natural wind currents must be supplemented, 
such as a fan when the substrate containing the pollutant 

0 treating conqposition is or is associated with a non-moving 
article (e.g. a motor vehicle at rest with the motor turned off) . 
The ambient air is drawn over the substrate such that pollutants 
contained within the ambient air are converted to non-polluting 
confounds. Activation of the air drawing device is made by 

5 sensing the level of pollutants or ambient temperature, or by a 
timer or by a remote signal generating device. There may also 
be provided a sensor for detecting if there is sufficient power 
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to drive the air drawing device and allow easy starting of the 
vehicle and to cut off the system if the power requirements are 
insufficient • 

The present invention will be understood by those skilled 
5 in the art by reference to the accanpanying Figures 1-17. The 
present invention can be applied to any non-moving substrate. 
At least one atmosphere contacting surface comprises a pollutant 
treating composition (e.g. a catalyst or an adsorber) located 
thereon. As the atmospheric air encounters the pollutant 

10 treating composition, various pollutants including particulate 
matter and/or gaseous pollutants carried in the air can be 
catalytically reacted or adsorbed as the case may be by the 
pollutant treating composition located on the atmosphere 
contacting surface. 

15 It will be appreciated by those skilled in the art that when 

the substrate is a vehicle, any suitable vehicle can be employed. 
Vehicles include cars, trucks, trains, boats, ships, airplanes, 
dirigibles, balloons and the like. 

The atmosphere contacting surface can be any suitable 

20 surface that encounters and contacts air while the vehicle or 
other device is at rest. Preferably in a motor vehicle, the 
contact means is a surface located toward the front of the 
vehicle in the vicinity of the cooling system fan. Useful 
contact surfaces should have a relatively large surface area. 

25 Preferred contact surfaces are at least partially enclosed in the 
vehicle. Useful contact surfaces include the outside surfaces 
of the air conditioner condenser, the radiator and the radiator 
fan which are all located and supported within the housing of the 
vehicle. 

30 The present invention will be understood by those skilled 

in the art by reference to the accompanying Figures 1-6. 

Figure 1 illustrates a truck 1 0 schematically containing a 
variety of vehicle components comprising atmosphere contacting 
surfaces. These surfaces include the surfaces of grill 12, the 

35 air conditioner condenser 14, an air charge cooler 25, the 
radiator 16, and the radiator fan 18. Also shown on this truck 
is a wind deflector 20 having a front deflecting surface 22. It 
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is recognized that: the various components can have different 
relative locations on different vehicles. 

Referring to Figures 1 to 4 the preferred contacting 
surfaces include the surface of the front 13 and side 15 surfaces 
5 of the air conditioner condenser 14, the front 17 and side 19 
surfaces of the radiator 16, corresponding surfaces of the air 
charge cooler 25 and the front 21 and back 23 surfaces of .the 
radiator fan 18- These surfaces are located within the housing 
24 of the truck. They are typically under the hood 24 of the 

10 truck between the front 26 of the truck and the engine 28. The 
air conditioner condenser, air charge cooler, radiator and 
radiator fan can be directly or indirectly supported by housing 
24 or a frame (not shown) within the housing. 

Figure 2 generally shows a schematic view of an automobile 

15 assembly. Corresponding elements in Figures 1 and 2 have common 
reference characters. The automobile comprises a housing 30. 
There is a motor vehicle front 32 having a grill 12 supported on 
the front of the housing 30. An air conditioner condenser 14, a 
radiator 16, and a radiator fan 18 cam be located within the 

20 housing 30. 

Referring to embodiments in Figures 1, 2 and 6, the 
contacting surface on the front and sides of least one of the 
grill 12, air conditioner condenser 14, the air charge cooler 25, 
and radiator 16; the front and back of the radiator fan 18; and 

25 the front of the wind deflector 20 can have a pollutant treating 
composition located thereon. The grill 12 can have a suitable 
grill grid type design which provides for openings 36 through 
which air passes as the truck 12 is operated and moves through 
the atmosphere. The openings are defined by the grill grid 38. 

30 The grill grid 38 has a front grill surface 40 and a side grill 
surface 42. The front and side grill grid surfaces 40 and 42 can 
be used as atmosphere contacting surfaces on which pollutant 
treating compositions are located. 

Referring to Figures 1 and 4, the air conditioning condenser 

35 14 comprises a plurality of air conditioning condenser fins 44. 
Additionally, there is an air conditioning fluid conduit 46 which 
conducts the air conditioning fluid through condenser 14. The 
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front and side surfaces of the air conditioning fins 44 , as well 
as the front surface of the air conditioning conduit 46 r»*n be 
the atmosphere contacting surfaces on which a pollutant treating 
ccnposition is located. As indicated, both the front 21 and back 
5 23 surfaces of the radiator fan 18 can be a contacting surface 
to support a pollutant treating canposition. 

The most preferred atmosphere contacting surface is on 
radiator 16 as shown in Figure 3. A typical radiator 16 has a 
frontal radiator surface 17 as well as a plurality of radiator 

10 corrugated plates or fins 50 located in corresponding radiator 
plate or fin channels 52 which pass through the radiator 16. It 
is preferred to coat the front surface 17 as well as the side 
surfaces of the radiator plates 50 and channel 52 surfaces. The 
radiator is most preferred because it is located within the 

15 housing 24 or 30 and is protected from the front by at least the 
grill 12 and preferably an air conditioner condenser 14. In 
addition to air entering into the hood chamber 34 as the motor 
vehicle moves through the atmosphere, radiator fan 18 draws air 
in and through the channels 52. Therefore, the radiator 16 is 

20 located and protected by the grill 12, the air conditioner 
condenser 19 and is in front of the radiator fan 18. 
Additionally, as indicated above, the radiator has a large 
surface area for heat transfer purposes. 

The above description is particularly directed to and 

25 illustrates the use of atmosphere treating surfaces on apparatus 
such as radiator 16 and air conditioner condenser 14. As 
indicated the atmosphere contacting surface can be on other 
suitable means to cool engine fluids including well known 
articles such as the above referenced air charge cooler 25 as 

30 well as engine oil. coolers, transmission oil coolers ^ryl power 
steering oil coolers. A ccunonality of all such cooling means is 
a housing or conduit through which the fluid passes. The housing 
comprises a wall having an inner surface in contact with the 
fluid and an outer surface typically in contact with the 

35 atmosphere within the frame of the vehicle and typically within 
the engine canpartment . In order to efficiently transfer heat 
from the fluid in these various apparatus, there are fins or 
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plates extending from the outer surface of the cooling, housing 
or conduit. 

Applicant herein incorporates by reference commonly assigned 
patent application entitled, "Pollution Treating Device and 
5 Methods of Making the Same", attorney docket 3794/3810, filed as 
U.S. Serial No. 08/537,208. Additionally, any of the embodiments 
of the apparatus of the present invention and method of use 
thereof can optionally further incorporate a replaceable 
pollution treating device as disclosed therein. 

10 Pollutant treating compositions can also be located on outer 

surfaces of the vehicle. As indicated, such compositions cam be 
located on the grill 12 and in the case of the truck shown in 
Figures 1 and 6, on the wind deflector 20 frontal wind deflector 
surface 22. Additionally, pollution treatment compositions can 

15 be located on the front of the mirror 54 as well as amy of a 
variety of front facing surfaces. 

In accordance with the present invention, large volumes of 
air can be treated at relatively low temperatures. High surface 
area components of vehicles including radiators, air conditioner 

20 condensers and charge air coolers typically have a large frontal 
surface aurea which encounters the air stream. However, these 
devices aure relatively naLrrow, typically ranging from about 3/4 
of an inch deep up to about 2 inches deep and usually in the 
range of 3/4 to 1 M inches deep. The radiator fan can result in 

25 linear velocities of the atmospheric air contacting the frontal 
surface of such devices is typicadly in the ramge of up to about 
10, and more typically 5 to 10 miles per hour. An indication of 
the amount of air being treated as it passes across the catalyzed 
v eh icle conponent is conmonly referred to space velocity or more 

30 precisely volume hourly space velocity (VHSV) . This is measured 
as volume (corresponding to the volume of the catalyzed element) 
of ad,r per hour which passes across the volume of the catalytic 
article. It is based on the cubic feet per hour of air divided 
by the cubic feet of catad-yst substrate. The volume of the 

35 catalyst substrate is the frontal area times the depth or axial 
length in the direction of the air flow. Alternatively, volume 
hourly space velocity is the number of catalyst volumes based on 
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the volume of the catalytic article being treated per hour. 
Because of the relatively short axial depth of the catalyzed 
elements of the present invention, the space velocities are 
relatively high. Hie volume hourly space velocities of air which 
5 can be treated in accordance with the present invention can be 
as high as three quarters of a million or more reciprocal hours . 
A face velocity of air against one of these elements at 5 miles 
per hour can result in a space velocity of as high as 300 , 000 
reciprocal hours. In accordance with the present invention, the 

10 catalysts are designed to treat pollutants in the atmosphere at 
space velocities in ranges as high as from 250,000 to 750,000 and 
typically 300,000 to 600,000 reciprocal hours. This is 
accomplished even at the relatively low ambient temperatures and 
ambient operating temperatures of the vehicle elements containing 

15 pollutant treating compositions in accordance with the present 
invention. 

The pollutant treating composition is preferably a catalytic 
composition or adsorption composition. Useful and preferred 
catalyst compositions are compositions which can catalytically 

20 cause the reaction of targeted pollutants at the space velocity 
of the air as it contacts the surface, and at the temperature of 
the surface at the point of contact. Typically, these catalyzed 
reactions will be in the temperature range at the atmosphere 
contacting surface of from 0°C to 50°C, more typically 20°C to 

25 40°C and yet more typically from about 20°C to 40°C. However, 
temperatures can be higher where the temperature of the air 
stream itself has been heated. Such temperatures may be as high 
as 100°C up to 130 P C or even higher where the atmpsphere air has 
been heated in prior processing steps. There is no limit on the 

30 efficiency of the reaction as long as some reaction takes place. 
Preferably, there is at least a 1% conversion efficiency with as 
high a conversion efficiency as possible. Useful conversion 
efficiencies are preferably at least about 5% and more preferably 
at least about 10%. Preferred conversions depend on the 

35 particular pollutant and pollutant treating composition. Where 
ozone is treated with a catalytic composition on an atmosphere 
contacting surface it is preferred that the conversion efficiency 
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be greater than about from 30% to 40% , preferably greater than 
50%, and more preferably greater than 70%. Preferred conversion 
for carbon monoxide is greater than 30% and preferably greater 
than 50%. Preferred conversion efficiency for hydrocarbons and 
5 partially oxygenated hydrocarbons is at least 10%, preferably at 
least 15%, and most preferably at least 25%. The conversion rates 
for carbon monoxide and hydrocarbon will be higher where the 
surface temperature and/or air temperature is higher, preferably 
greater than 40 °C and more preferably greater than 90°C. Where 

10 there is supplemental heating of the atmosphere contacting 
surface, or the air, such as by having an electrically heated 
catalytic monolith, grid, screen, gauze or the like, it is 
preferred that the conversion efficiency be greater than 90% and 
more preferably greater than 95%. The conversion efficiency is 

15 based on the mole percent of the particular pollutants in the air 
which react in the presence of the catalyst composition. 

Ozone treating catalyst compositions comprise manganese 
compounds including manganese dioxide, including non 
stoichiometric manganese dioxide (e.g., MnO < i „ 5-2 . o ) # and/ or Mn 2 0 3 • 

20 Preferred manganese dioxides, which are nominally referred to as 
Mn0 2 have a chemical formula wherein the molar ratio of manganese 
to oxide is about from 1.5 to 2.0, such as Mn<,0 16 . Dp to 100 
percent by weight of manganese dioxide Mn0 2 cam be used in 
catalyst compositions to treat ozone. Alternative compositions 

25 which are available comprise manganese dioxide and compounds such 
as copper oxide alone or copper oxide and alumina. 

Useful and preferred manganese dioxides are alpha manganese 
dioxides nominally having a molar ratio of manganese to oxygen 
of from 1 to 2. Useful alpha manganese dioxides are disclosed in 

30 U.S. Patent No. 5,340,562 to O'Young, et al.; also in O'Young, 
Hydrothennal Synthesis of Manganese Oxides with Tunnel Structures 
presented at the Symposium on Advances in Zeolites and Pillared 
Clay Structures presented before the Division of Petroleum 
Chemistry, Inc. American Chemical Society New York City Meeting, 

35 August 25-30, 1991 beginning at page 342, and in McKenzie, the 
Synthesis of Birnessite, Cryptamelane, and Some Other Oxides and 
Hydroxides of Manganese, Mineralogical Magazine, December 1971, 
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Vol. 38 , pp. 493-502 all herein incorporated by reference. For 
the purposes of the present invention, the preferred alpha 
manganese dioxide is a 2 x 2 tunnel structure which can be 
hollandite (BaMneOis.xHaO) , cryptomelane (KMne0 16 .xH 2 0) , manjiroite 
5 (NaMhe0 16 .xH 2 0) and coronadite (PhMxie0 16 .xH 2 0) - 

The manganese dioxides useful in the present invention 
preferably have a surface area of greater than 150 m 2 /g, more 
preferably greater than 200 n?/g, yet more preferably greater 
than 250 m 2 /g and most preferably greater than 275 mVg. The 

10 upper range of such materials cam be as high as 300 m 2 /g, 325 
m 2 /g or even 350 m 2 /g. Preferred materials are in the range of 
200-350 mVg, preferably 250-325 mf/g and most preferably 275-300 
m 2 /g. The composition preferably comprises a binder as of the 
type described below with preferred binders being polymeric 

15 binders. The caxrqposition can further comprise precious metal 
components with preferred precious metal components being the 
oxides of precious metal, preferably the oxides of platinum group 
metals and most preferably the oxides of palladium or platinum 
also referred to as palladium black or platinum black. The a mo unt 

20 of palladium or platinum black can range from 0 to 25%, with 
useful amounts being in ranges of from about 1 to 25 and 5 to 15% 
by weight based on the weight of the manganese component and the 
precious component . 

It has been found that the use of compositions comprising 

25 the cryptomelane form of alpha manganese oxide, which also 
contain a polymeric binder can result in greater than 50%, 
preferably greater than 60% and most preferably from 75-85% 
conversion of ozone in a concentration range of from 0 to 400 
parts per billion (ppb) and an air stream moving across a 

30 radiator at space velocity of from 300,000 to 650,000 reciprocal 
hours. Where a portion of the cryptomelane is replaced by up to 
25% and preferably from 15-25% parts by weight of palladium black 
(PdO) , ozone conversion rates at the above conditions range from 
95-100% using a powder reactor. 

35 The preferred cryptomelane manganese dioxide has a 

crystallite size ranging from 2 to 10 and preferably less than 
5 nm. It can be calcined at a temperature range of from 250 °C to 
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550°C and preferably below 500°C and greater than 300°C for at 
least 1.5 hours and preferably at least 2 hours up to about 6 
hours. 

The preferred cryptomelane can be made in accordance 
5 described in the above referenced articles and patents to 0 f Young 
and McKenzie. The cryptomelane can be made by reacting a 
mang anese salt including salts selected from the group consisting 
MnCl 2 , Mn(N0 3 ) 2 , MnS0 4 and Mn(CH 3 COO) 2 with a permanganate 
compound. Cryptomelane is made using potassium permanganate ; 

10 hollandite is made using barium permanganate; coronadite is made 
using lead permanganate; and manjiroite is made using sodium 
permanganate. It is recognized that the alpha manganese useful 
in the present invention can contain one or more of hollandite, 
cryptomelane, man jiroite or coronadite compounds. Even when 

15 making cryptomelane minor amounts of other metal ions such as 
sodium may be present. Useful methods to form the alpha manganese 
dioxide are described in the above references which are 
incorporated by reference. 

The preferred alpha manganese for use in accordance with the 

20 present invention is cryptomelane. The preferred cryptomelane is 
"clean" or substantially free of inorganic anions, particularly 
on the surface. Such an^« could include chlorides, sulfates and 
nitrates which are introduced during the method to form 
cryptomelane. An alternate method to make the clean cryptomelane 

25 is to react a manganese carboxylate, preferably manganese 
acetate, with potassium permanganate. It has been found that the 
use of such a material which has been calcined is "clean". The 
use of material containing inorganic anions can result in 
conversion of ozone to oxygen of up to about 60%. The use of 

30 cryptomelane with a "clean" surface results in conversions of up 
about 80%. 

It is believed that the carboxylates are burned off during 
the calc ina tion process. However, inorganic anions remain on the 
surface even during calcination. The inorganic anions such as 
35 sulfates can be washed away with an aqueous solution or a 
slightly acidic aqueous solution. Preferably the alpha manganese 
dioxide is a "clean" alpha manganese dioxide. The cryptomelane 
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can be washed at from about 60°C to 100°C for about one-half hour 
to remove a significant amount of sulfate anions. The nitrate 
anions may be removed in a similar manner. The "clean* alpha 
manganese dioxide is characterized as having an IR spectrum as 

5 illustrated in Figure 19 and in X-ray diffraction (XRD) pattern 
as illustrated in Figure 20. Such a crypt amelane preferably has 
a surface area greater than 200 m 2 /g and more preferably greater 
than 250 fflVg. A review of the IR spectrum for the most preferred 
cryptamelane, shown in Figure 19 is characterized by the absence 

0 of peaks assignable to carbonate, sulfate and nitrate groups. 
Expected peaks for carbonate groups appear in the range of from 
1320 to 1520 wavenumbers; and for sulfate groups appear in the 
range of from 950 to 1250 wavenumbers. Figure 20 is a powder X- 
ray diffraction pattern for high surface area cryptomelane 

5 prepared in Example 10. The X-ray pattern for cryptamelane useful 
in the present invention is characterized by broad peaks 
resulting from small crystallite size (-5-10nm) . Approximate peak 
positions (±0.15°29) and approximate relative intensities (±5) 
for cryptomelane using Cul^ radiation as shown in Figure 20 are: 

3 26/Relative Intensities - 12.1/9; 18/9; 28.3/10; 37.5/100; 
41.8/32; 49.7/16; 53.8/5; 60.1/13; 55.7/38; and 68.0/23. 

A preferred method of making cryptomelane useful in the 
present invention comprises mixing an aqueous acidic manganese 
salt solution with a potassium permanganate solution. The acidic 

5 manganese salt solution preferably has a pH of from 0.5 to 3.0 
and can be made acidic using any common acid, preferably acetic 
acid at a concentration of from 0.5 to 5.0 normal and more 
preferably from 1.0 to 2.0 normal. The mixture forms a slurry 
which is stirred at a temperature range of from 50°C to 110 °C. 

) The slurry is filtered and the filtrate is dried at a temperature 
range of from 75°C to 200°C. The resulting cryptomelane crystals 
have a surface area of typically in the range of from 200 mVg to 
350 m 2 /g. 

Other useful compositions comprise manganese dioxide and 
5 optionally copper oxide and alumina and at least one precious 
metal component such as a platinum group metal supported on the 
manganese dioxide and where present copper oxide and alumina. 



SUBSTITUTE SHEET (RULE 26) 



WO 96/22150 



PCTAJS96/00669 



25 

Useful compositions contain up to 100, from 40 to 80 and 
preferably 50 to 70 weight percent manganese dioxide and 10 to 
60 and typically 30 to 50 percent copper oxide. Useful 
compositions include hopcalite which is about 60 percent 
5 manganese dioxide and about 40 percent copper oxide; and 
Carulite* 200 (sold by Cams Chemical Co.) which is reported to 
have 60 to 75 weight percent manganese dioxide , 11 to 14 percent 
copper oxide and 15 to 16 percent aluminum oxide. The surface 
area of Carulite* is reported to be about 180 m 2 /g. Calcining at 

10 450°C reduces the surface area of the Carulite* by about fifty 
percent (50%) without significantly affecting activity. It is 
preferred to calcine manganese compounds at from 300°C to 500°C 
and more preferably 350°C to 450°C. Calcining at 550°C causes a 
great loss of surface area and ozone treatment activity. 

15 Calcining the Carulite* after ball milling with acetic acid and 
coating on a substrate can improve adhesion of the coating to a 
substrate. 

Other compositions to treat ozone can comprise a manganese 
dioxide component and precious metal components such as platinum 

20 group metal canponents. While both components are catalytically 
active, the manganese dioxide can also support the precious metal 
component. The platinum group metal can?>onent preferably is a 
palladium and/or platinum coopanent. The amount of platinum group 
metal compound preferably ranges from about 0.1 to about 10 

25 weight percent (based on the weight of the platinum group metal) 
of the conposition. Preferably, where platinum is present it is 
in amounts of from 0.1 to 5 weight percent, with useful and 
preferred amountB on pollutant treating catalyst volume, based 
on the volume of the supporting article, ranging from about 0.5 

30 to about 70 g/ft 3 . The amount of palladium component preferably 
ranges from about 2 to about 10 weight percent of the 
composition, with useful and preferred amounts on pollutant 
treating catalyst volume ranging from about 10 to about 250 
g/ft 3 . 

35 Various useful and preferred pollutant treating catalyst 

canpositions, especially those containing a catalytically active 
component such as a precious metal catalytic component, can 
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cazqprise a suitable support material such, as a refractory oxide 
support. The preferred refractory oxide can be selected from the 
group consisting of silica, alumina, titania, ceria, zirconia and 
chromia, and mixtures thereof. More preferably, the support is 
5 at least one activated, high surface area compound selected from 
the group consisting of alumina, silica, titania, silica-alumina, 
silica- zirconia, alumina silicates, alumina zirconia, alumina - 
chromia and alumina- ceria. The refractory oxide can be in 
suitable form including bulk particulate form typically having 

10 particle sizes ranging from about 0.1 to about 100 and preferably 
1 to 10 /an or in sol form also having a particle size ranging 
from about 1 to about 50 and preferably about 1 to about 10 nm. 
A preferred titania sol support comprises titania having a 
particle size ranging from about 1 to about 10, and typically 

15 from about 2 to 5 nm. 

' Also useful as a preferred support is a coprecipitate of a 
manganese oxide and zirconia. This composition be made as 
recited in U.S. Patent No. 5,283,041 incorporated herein by 
reference. Briefly, this coprecipitated support material 

20 preferably comprises in a ratio based on the weight of manganese 
and zirconium metals from 5:95 to 95:5; preferably 10:90 to 
75:25; more preferably 10:90 to 50:50; and most preferably from 
15:85 to 50:50. A useful and preferred embodiment comprises a 
Mn:2r weight ratio of 20:80. U.S. Patent No. 5,283,041 describes 

25 a preferred method to make a coprecipitate of a manganese oxide 
component and a zirconia component . As recited in U.S. Patent No. 
5,283,041 a zirconia oxide and manganese oxide material may be 
prepared by mixing aqueous solutions of suitable zirconium oxide 
precursors such as zirconium oxynitrate, zirconium acetate, 

30 zirconium oxychloride, or zirconium oxysulfate and a suitable 
manganese oxide precursor such as manganese nitrate, manganese 
acetate, manganese di chloride or manganese dibromide, adding a 
sufficient amount of a base such as ammonium hydroxide to obtain 
a pH of 8-9, filtering the resulting precipitate, washing with 

35 water, and drying at 450°-500°C. 

A useful support for a catalyst to treat ozone is selected 
from a refractory oxide support, preferably alumina and silica - 
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alumina with a more preferred support being a silica -alumina 
support comprising from about 1% to 10% by weight of silica and 
from 90% to 99% by weight of alumina. 

Useful refractory oxide supports for a catalyst comprising 
5 a platinum group metal to treat carbon monoxide are selected from 
alumina, titania, silica- zirconia, and manganese- zirconia. 
Preferred supports for a catalyst composition to treat carbon 
monoxide is a zirconia- silica support as recited in U.S. Patent 
No. 5,145,825, a manganese- zirconia support as recited in U.S. 

10 Patent No. 5,283,041 and high surface area alumina. Most 
preferred for treatment of carbon monoxide is titania. Reduced 
catalysts having titania supports resulted in greater carbon 
monoxide conversion than corresponding non reduced catalysts. 

The support for catalyst to treat hydrocarbons, such as low 

15 molecular weight hydrocarbons, particularly low molecular weight 
olefinic hydrocarbons having about from two up to about twenty 
carbons and typically two to about eight carbon atoms, as well 
as partially oxygenated hydrocarbons is preferably selected from 
refractory metal oxides including alumina and titania. As with 

20 catalysts to treat carbon monoxide reduced catalysts results in 
greater hydrocarbon conversion. Particularly preferred is a 
titania support which has been found useful since it results in 
a catalyst can^rosition having enhanced ozone conversion as well 
as significant conversion of carbon monoxide and low molecular 

25 weight olefins. Also useful are high surface area, macroporous 
refractory oxides, preferably al um i n a and titania having a 
surface area of greater than 150 m7g and preferably ranging 
from about 150 to 350, preferably from 200 to 300, and more 
preferably from 225 to 275 nf/g; a porosity of greater than 0.5 

30 cc/g, typically ranging from 0.5 to 4.0 and preferably about from 
1 to 2 cc/g measured based on mercury porosametry; and particle 
sizes range from 0.1 to 10 /an. A useful material is Versal GL 
alumina having a surface area of about 260 mVg, a porosity of 
1.4 to 1.5 cc/g and supplied by LaRoche Industries. 

35 a preferred refractory support for platinum for use in 

treating carbon monoxide and/or hydrocarbons is titania dioxide. 
The titania can be used in bulk powder form or in the form of 
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titania dioxide sol. The catalyst composition can be prepared by 
adding a platinum group metal in a liquid media preferably in the 
form of a solution such as platinum nitrate with the titania sol, 
with the sol most preferred. The obtained slurry can then be 
5 coated onto a suitable substrate such as an atmosphere treating 
surface such as a radiator, metal monolith substrate or ceramic 
substrate. The preferred platinum group metal is a platinum 
compound. The platinum titania sol catalyst obtained from the 
above procedure has high activity for carbon monoxide and/or 
10 hydrocarbon oxidation at ambient operating tenperature • Metal 
components other than platinum components which can be combined 
with the titania sol include gold, palladium, rhodium and silver 
components. A reduced platinum group component, preferably a 
platinum component on titanium catalyst which is indicated to be 
15 preferred for treating carbon monoxide, has also been found to 
be useful and preferred for treating hydrocarbons, particularly 
olefinic hydrocarbons. 

A preferred titania sol support comprises titania having a 
particle size ranging from about 1 to about 10, and typically 
20 from about 2 to 5 nm. 

A preferred bulk titania has a surface area of about from 
25 to 120 m 2 /g, and preferably from 50 to 100 m^g; and a 
particle size of about from 0.1 to 10 m- A specific and 
preferred bulk titania support has a surface area of 45-50 mVg, 
25 a particle size of about 1 /an, and is sold by DeGussa as P-25. 

A preferred silica- zirconia support comprises from 1 to 10 
percent silica and 90 to 99 percent zirconia. Preferred support 
particles have high surface area, e.g. from 100 to 500 square 
meters per gram (m?/g) surface area, preferably from 150 to 450 
30 n*7g, more preferably from 200 to 400 mf/g, to enhance dispersion 
of the catalytic metal component or components thereon. The 
preferred refractory metal oxide support also has a high porosity 
with pores of up to about 145 nm radius, e.g., from about 0.75 
to 1.5 cubic centimeters per gram (cm 3 /g) , preferably from about 
35 0.9 to 1.2 cmVg, and a pore size range of at least about 50% of 
the porosity being provided by pores of 5 to 100 nm in radius. 
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A useful ozone treating catalyst comprises at least one 
precious metal component, preferably a palladium component 
dispersed on a suitable support such as a refractory oxide 
support* The composition comprises from 0.1 to 20.0 weight 
5 percent, and preferably 0.5 to 15 weight percent of precious 
metal on the support, such as a refractory oxide support, based 
on the weight of the precious metal (metal and not oxide) and the 
support. Palladium is preferably used in amounts of from 2 to 15, 
more preferably 5 to 15 and yet more preferably 8 to 12 weight 

10 percent. Platinum is preferably used at 0.1 to 10, more 
preferably 0.1 to 5.0, and yet more preferably 2 to 5 weight 
percent. Palladium is most preferred to catalyze the reaction of 
ozone to form oxygen. The support materials can be selected from 
the group recited above. In preferred embodiments, there can 

15 additionally be a bulk manganese component as recited above, or 
a manganese component dispersed on the same or different 
refractory oxide support as the precious metal, preferably 
palladium component. There can be up to 80, preferably up to 50, 
more preferably from 1 to 40 and yet more preferably 5 to 35 

20 weight percent of a manganese component based on the weight of 
palladium and manganese metal in the pollutant treating 
composition. Stated another way, there is preferably about 2 to 
30 »nri preferably 2 to 10 weight percent of a manganese 
component. The catalyst loading is from 20 to 250 grams and 

25 preferably about 50 to 250 grams of palladium per cubic foot 
(g/ft 3 ) of catalyst volume. The catalyst volume is the total 
volume of the finished catalyst composition and therefore 
includes the total volume of air conditioner condenser or 
radiator including void spaces provided by the gas flow passages. 

30 Generally, the higher loading of palladium results in a greater 
ozone conversion, i.e., a greater percentage of ozone 
decomposition in the treated air stream. 

Conversions of ozone to oxygen attained with a 
palladium/manganese catalyst on alumina support compositions at 

35 a temperature of about 40°C to 50°C have been about 50 mole 
percent where the ozone concentrations range from 0.1 to 0.4 ppm 
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and the face velocity was about 10 miles per hour. Lower 
conversions were attained using a platinum on aiimritm catalyst. 

Of particular interest is the use of a support comprising 
the above described coprecipitated product of a manganese oxide, 
5 and zirconia which is used to support a precious metal, 
preferably selected from platinum and palladium, and most 
preferably platinum. Platinum is of particular Interest in tha t 
it has been found that platinum is particularly effective when 
used on this coprecipitated support. The amount of platinum 

10 range from 0.1 to 6, preferably 0.5 to 4, more preferably 1 to 
4, and most preferably 2 to 4 weight percent based on metallic 
platinum and the coprecipitated support. The use of platinum to 
treat ozone has been found to be particularly effective on this 
support. Additionally, as discussed below, this catalyst is 

15 useful to treat carbon monoxide. Preferably the precious metal 
is platinum and the catalyst is reduced. 

Other useful catalysts to catalytically convert ozone to 
oxygen are described in U.S. Patent Nos. 4,343,776 and 4,405,507, 
both hereby incorporated by reference. A useful and most 

20 preferred composition is disclosed in commonly assigned U.S. 
Serial No. 08/202,397 filed February 25, 1994, now U.S. Patent 
No. 5,422,331 and entitled, "Light Weight, Low Pressure Drop 
Ozone Decomposition Catalyst for Aircraft Applications" hereby 
incorporated by reference. Yet other compositions which can 

25 result in the conversion of ozone to oxygen comprises carbon, and 
palladium or platinum supported on carbon, manganese dioxide, 
Carulite*, and/or hqpcalite. Manganese supported on a refractory 
oxide such as recited above has also been found to be useful. 
Other pollutants may require temperatures above ambient 

30 temperatures to undergo conversion (e.g. carbon monoxide, 
hydrocarbons, nitric oxides and the like) . Heat can be supplied 
by a heater or by incidental contact with a heated component of 
the substrate. Alternatively, the air stream may be at a higher 
temperature as recited above. 

35 Carbon monoxide treating catalysts preferably comprise at 

least one precious metal component, preferably selected from 
platinum and palladium components with platinum components being 
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most preferred- The composition comprises from 0.01 to 20 weight 
percent, and preferably 0.5 to 15 weight percent of the precious 
metal conponent on a suitable support such as refractory oxide 
support, with the amount of precious metal being based on the 
5 weight of precious metal (metal and not the metal component) and 
the support. Platinum is most preferred and is preferably used 
in amounts of from 0.01 to 10 weight percent and more preferably 
0.1 to 5 weight percent, and most preferably 1.0 to 5.0 weight 
percent. Palladium is useful in amounts from 2 to 15, preferably 

10 5 to 15 and yet more preferably 8 to 12 weight percent. The 
preferred support is titania, with titania sol most preferred as 
recited above. When loaded onto a monolithic structure such as 
a radiator or onto other atmosphere contacting surfaces the 
catalyst loading is preferably about 1 to 150, and more 

15 preferably 10 to 100 grams of platinum per cubic foot (g/ft 3 ) of 
catalyst volume and/or 20 to 250 and preferably 50 to 250 grains 
of palladium per g/ft 3 of catalyst volume. Preferred catalysts 
are reduced. Conversions of 5 to 80 mole percent of carbon 
monoxide to carbon dioxide were attained using coated core 

20 samples from automotive radiator having from 1 to 6 weight 
percent (based on metal) of platinum on titania compositions at 
temperatures from 25° to 90°C where the carbon monoxide 
concentration was 15 to 25 parts per million and the space 
velocity was 300,000 to 500,000 reciprocal hours. Also, 

25 conversions of 5 to 65 mole percent of carbon monoxide to carbon 
dioxide were attained using 1.5 to 4.0 weight percent platinum 
on alumina support compositions at a temperature of about up to 
95°C where the carbon monoxide concentration was about 15 parts 
per million and the space velocity was about 300,000 reciprocal 

30 hours. Lower conversions have been attained with palladium on a 
ceria support. 

An alternate and preferred catalyst composition to treat 
carbon monoxide comprises a precious metal component supported 
on the above described coprecipitate of a manganese oxide and 
35 zirconia. The coprecipitate is formed as described above. The 
preferred ratios of manganese to zirconia are 5:95 to 95:5; 10:90 
to 75:25; 10:90 to 50:50; and 15:85 to 25:75 with a preferred 
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percent of platinum supported on the coprecipitate based on 
platinum metal ranges from 0.1 to 6, preferably 0.5 to 4, more 
preferably 1 to 4, and most preferably 2-4 weight percent. 
5 Preferably the catalyst is reduced. The catalyst can be reduced 
in powder form or after it has been coated onto a supporting 
substrate. Other useful compositions which can convert carbon 
monoxide to carbon dioxide include a platinum component supported 
on carbon or a support comprising manganese dioxide. 

10 Catalysts, to treat hydrocarbons, typically unsaturated 

hydrocarbons , more typically unsaturated mono- olefins having from 
two to about twenty carbon atoms and, in particular, from two to 
eight carbon atoms, and partially oxygenated hydrocarbons of the 
type referred to above, comprise at least one precious metal 

15 conponent, preferably selected from platinum and palladium with 
platinum being most preferred. Useful catalyst compositions 
include those described for use to treat carbon monoxide. 
Canqposition to treat hydrocarbons comprise from 0.01 to 20 wt.% 
and preferably 0.5 to 15 wt.% of the precious metal component on 

20 a suitable support such as a refractory oxide support, with the 
amount of precious metal being based on the weight of the 
precious metal, (not the metal component) and the support. 
Platinum is the most preferred and is preferably used in amounts 
of from 0.01 to 10 wt.% and more preferably 0.1 to 5 wt.% and 

25 most preferably 1.0 to 5 wt.%. When loaded onto a monolithic 
structure such as a motor vehicle radiator or on to other 
atmospheric contacting surfaces, the catalyst loading is 
preferably about 1 to 150, and more preferably 10 to 100 grams 
of platinum per cubic foot (g/ft 3 ) of catalyst volume. The 

30 preferred refractory oxide support is a metal oxide refractory 
which is preferably selected from ceria, silica, zirconia, 
alumina, titania and mixtures thereof with alumina and titania 
being most preferred. The preferred titania is characterized by 
as recited above with titania sol most preferred. The preferred 

35 catalyst is reduced. Testing on a coated automotive radiator 
resulted in conversions of a low molecular weight mono -olefin 
such as propylene to water and carbon dioxide with 1.5 to 4 wt.% 
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of platinum on an aliipH na or titan la support have been between 
15 and 25% where the propylene concentration was about 10 parts 
per million propylene and the space velocity was about 320,000 
reciprocal hours* These catalysts were not reduced. Reduction of 
5 the catalyst improves conversion. 

Catalysts useful for the oxidation of both carbon monoxide 
and hydrocarbons generally include those recited above as useful 
to treat either carbon monoxide or hydrocarbons. Most preferred 
catalysts which have been found to have good activity for the 

10 treatment of both carbon monoxide and hydrocarbon such as 
unsaturated olefins comprise platinum component supported on a 
preferred titania support. The composition preferably comprises 
a binder and can be coated on a suitable support structure in 
amounts of from 0.8 to l.Og/in. A preferred platinum 

15 concentration ranges from 2 to 6% and preferably 3 to 5% by 
weight of platinum metal on the titania support. Useful and 
preferred substrate cell densities are equivalent to about 300 
to 400 cells per square inch. The catalyst is preferably reduced 
as a powder or on the coated article using a suitable reducing 

20 agent. Preferably the catalyst is reduced in the gas stream 
comprising about 7% hydrogen with the balance nitrogen at from 
200° to 500°C or from 1 to 12 hours. The most preferred reduction 
or forming tenperature is 400°C for 2-6 hours. This catalyst has 
been found to maintain high activity in air and humidified air 

25 at elevated temperatures of up to 100°C after prolonged exposure. 

Useful catalysts which can treat both ozone and carbon 
monoxide comprise at least one precious metal component, most 
preferably a precious metal selected from palladium, platinum and 
mixtures thereof on a suitable support such as a refractory oxide 

30 support. Useful refractory oxide supports comprise ceria, 
zirconia, alumina, titania, silica and mixtures thereof including 
a mixture of zirconia and silica as recited above. Also useful 
and preferred as a support are the above described coprecipitates 
of manganese oxides and zirconia. The composition comprises from 

35 0.1. to 20.0, preferably 0.5 to 15, and more preferably from 1 to 
10 weight percent of the precious metal component on the support 
based on the weight of the precious metal and the support. 
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Palladium is preferably used in amounts from 2 to 15 and more 
preferably from 3 to 8 weight percent. Platinum is preferably 
used in amounts of from 0.1 to 6 percent and more preferably 2 
to 5 weight percent. A preferred composition is a composition 
5 wherein the refractory component comprises ceria and the precious 
metal component comprises palladium. This composition has 
resulted in relatively high ozone and carbon monoxide 
conversions. More particularly, testing of this composition on 
a coated radiator has resulted in a 21% conversion of carbon 

10 monoxide in an air stream comprising 16 ppm of carbon monoxide 
contacting a surface at 95 °C with a face velocity of the gas 
stream being 5 miles per hour. The same catalyst resulted in a 
55% ozone conversion where the stream contained 0.25 ppm of ozone 
and the treating surface was at 25 °C with an air stream face 

15 velocity of 10 miles per hour. Also preferred is a composition 
comprising a precious metal, preferably a platinum group metal, 
more preferably selected from platinum and palladium components, 
and most preferably a platinum component and the above recited 
coprecipitate of manganese oxide and zirconia. This above recited 

20 precious metal containing catalyst in the form of a catalyst 
powder or coating on a suitable substrate is in reduced form. 
Preferred reduction conditions include those recited above with 
the most preferred condition being from 250° to 350°C for from 2 
to 4 hours in a reducing gas comprising 7% hydrogen and 93% 

25 nitrogen. This catalyst has been found to be particularly useful 
in treating both carbon monoxide and ozone* Other useful 
compositions to convert ozone to oxygen and carbon monoxide to 
carbon dioxide comprise a platinum component supported on carbon, 
manganese dioxide, or a refractory oxide support, and optionally 

30 having an additional manganese component. 

A useful and preferred catalyst which can treat ozone, 
carbon monoxide and hydrocarbons, as well as partially oxygenated 
hydrocarbons, comprises a precious metal component, preferably 
a platinum component on a suitable support such as a refractory 

35 oxide support. Useful refractory oxide supports comprise ceria, 
zirconia, alumina, titania, silica and mixtures thereof including 
a mixture of zirconia and silica as recited above. Also useful 
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is a support including the above- recited coprecipitate of 
manganese oxide and zirconia. The composition comprises from 0.1 
to 20, preferably 0.5 to 15 and more preferably 1 to 10 wt.% of 
the precious metal component on the refractory support based on 

5 the weight of the precious metal and the support. Where the 
hydrocarbon component is sought to be converted to carbon dioxide 
and water, platinum is the most preferred catalyst and is 
preferably used in amounts of from 0.1 to 5% and more preferably 
2 to 5% by weight. In specific embodiments, there can be a 

0 combination of catalysts including the above recited catalyst as 
well as a catalyst which is particularly preferred for the 
treatment of ozone such as a catalyst comprising a manganese 
component. The manganese component can be optionally combined 
with a platinum component. The manganese and platinum can be on 

5 the same or different supports. There can be up to 80, preferably 
up to 50, more preferably from 1 to 40 and yet more preferably 
from 10 to 35 wt.% of the manganese component based on the weight 
of the precious metal and manganese in the pollutant treating 
composition. The catalyst loading is the same at that recited 

0 above with regard to the ozone catalyst. A preferred composition 
is a composition wherein the refractory component comprises an 
alumina or titania Bupport and the precious metal component 
comprises a platinum component. Testing of such a composition 
coated onto a radiator has resulted in 68 to 72% conversion of 

5 carbon monoxide, 8 to 15% conversion of ozone and 17 to 18% 
conversion of propylene when contacting a surface at 95 °C with 
a face velocity of the gas stream being about ten miles per hour 
(hourly space velocity of 320,000 per reciprocal hours) with air 
dew point at 35°F. Generally, as the contacting surface 

0 temperature decreases and the space velocity or face velocity of 
the atmosphere air flow over the pollutant contacting surface 
increases, the percent conversion decreases. 

Catalyst activity, particularly to treat carbon monoxide and 
hydrocarbons can be further enhanced by reducing the catalyst in 

5 a forming gas such as hydrogen, carbon monoxide, methane or 
hydrocarbon plus nitrogen gas. Alternatively, the reducing agent 
ran be in the form of a liquid such as a hydrazine, formic acid, 
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and formate salts such as sodium formate solution. The catalyst 
can be reduced as a powder or after coating onto a substrate. The 
reduction can be conducted in gas at from 150°-500°C, preferably 
200°-400°C for 1 to 12 hours, preferably 2 to 8 hours. In a 
5 preferred process, coated article or powder can be reduced in a 
gas comprising 7% hydrogen in nitrogen at 275°-350°C for 2 to 4 
hours . 

An alternate composition for use in the method and apparatus 
of the present invention comprises a catalytically active 

10 material, selected from the group consisting of precious metal 
components including platinum group metal components, gold 
components and silver components and a metal component selected 
from the group consisting of tungsten components and rhenium 
components. The relative amounts of catalytically active material 

15 to the tungsten component and /or rhenium component based on the 
weight of the metal are one from 1-25, to 15-1. 

The composition containing a tungsten component and/or a 
rhenium component preferably comprises tungsten and/or rhenium 
in the oxide form. The oxide can be obtained by forming the 

20 composition using tungsten or rhenium salts and the composition 
can subsequently be calcined to form tungsten and/or rhenium 
oxide. The composition can comprise further components such as 
supports including refractory oxide supports, manganese 
components, carbon, and cpprecipitates of a manganese oxide and 

25 zirconia . Useful refractory metal oxides include alumina, silica, 
titania, ceria, zirconia, chramia and mixtures thereof. The 
composition can additionally comprise a binder material, such as 
metal sols including alumJ na or titania sols or polymeric binder 
which can be provided in the form of a polymeric latex binder. 

30 In preferred compositions, there are from 0.5 to 15, 

preferably 1 to 10, and most preferably from 3 to 5 percent by 
weight of the catalytically active material. The preferred 
catalytically active materials are platinum group metals with 
platinum and palladium being more preferred and platinum being 

35 most preferred. The amount of tungsten and/or rhenium component 
based on the metals ranges 1 to 25, preferably 2 to 15 and most 
preferably 3 to 10 weight percent. The amount of binder can vary 



SUBSTITUTE SHEET (RULE 26) 



WO 96/22150 



PCI7US96/00869 



37 

from 0 to 20 weight percent, preferably 0.5 to 20, more 
preferably 2 to 10 and most preferably 2 to 5 weight percent. 
Depending on the support material a binder is not necessary in 
this composition. Preferred compositions conprise from 60 to 98.5 
5 weight percent of a refractory oxide support, from 0.5 to 15 
weight percent of the catalytically active material, from l to 
25 weight of the tungsten and/or rhenium component, and from 0 
to 10 weight percent binder. 

Ccnpositions containing the tungsten can?>onent and rhenium 

10 component can be calcined tinder conditions as recited above. 
Additionally, the composition can be reduced. However, as shown 
in the examples below, the compositions need not be reduced and 
the presence of the tungsten and/or rhenium component can result 
in conversions of carbon monoxide and hydrocarbons comparable to 

15 compositions containing platinum group metals which have been 
reduced. 

The pollutant treating compositions of the present invention 
preferably conqprise ^binder^xich acts to adhere the conposition 
and to provide adhesion £d~~€he atmosphere contacting surface. It 

20 has been found that a preferred binder is a polymeric binder used 
in amounts of from 0.5 to 20, more preferably 2 to 10, and most 
preferably to 2 to 5 percent by weight of binder based on the 
weight of the composition. Preferably, the binder is a polymeric 
binder which can be a thermosetting or thermoplastic polymeric 

25 binder. The polymeric binder can have suitable stabilizers and 
age resistors known in the polymeric art. The polymer can be a 
plastic or elastomer! c polymer. Most preferred are thermosetting , 
elastomeric polymers introduced as a latex into the catalyst into 
a slurry of the catalyst composition, preferably an aqueous 

30 slurry. Upon application of the composition and heating the 
binder material can crosslink providing a suitable support which 
enhances the integrity of the coating, its adhesion to the 
atmosphere contacting surface and provides structural stability 
under vibrations encountered in motor vehicles. The use of 

35 preferred polymeric binder enables the pollutant treating 
composition to adhere to the atmosphere contacting surface 
without the necessity of an undercoat layer. The binder can 
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comprise water resistant additives to improve water resistance 
and improve adhesion. Such additives can include fluorocarbon 
emulsions and petroleum wax emulsions . 

Useful polymeric compositions include polyethylene, 
5 polypropylene, polyolefin copolymers, polyisoprene, 
polybutadiene, polybutadiene copolymers, chlorinated rubber, 
nitrile rubber, polychloroprene, ethylene - propylene - diene 
elastomers, polystyrene, polyacrylate, polymethacrylate, 
polyacrylonitrile, poly (vinyl esters) , poly (vinyl halides) , 

10 polyamides, cellulosic polymers, polyimides, acrylics, vinyl 
acrylics and styrene acrylics, poly vinyl alcohol, thermoplastic 
polyesters , thermosetting polyesters , poly (phenylene oxide ) , 
poly (phenylene sulfide), fluorinated polymers such as 
poly (tetraf luoroethylene) polyvinyl idene fluoride, 

15 poly(vinylfluoride) and chloro/fluoro copolymers such as ethylene 
chlorotrif luoroethylene cqpolymer, polyamide, phenolic resins and 
epoxy resins, polyure thane , and silicone polymers*. A most 
preferred polymeric material is an acrylic polymeric latex as 
described in the accompanying examples. 

20 Particularly preferred polymers and copolymers are vinyl 

acrylic polymers and ethylene vinyl acetate copolymers. A 
preferred vinyl acrylic polymer is a cross linking polymer sold 
by National Starch and Chemical Company as Xlink 2833. It is 
described as a vinyl acrylic polymer having a Tg of -15°C, 45% 

25 solids, a pH of 4.5 and a viscosity of 300 cps. In particular, 
it is indicated to have vinyl acetate CAS No. 108-05-4 in a 
concentration range of less than 0.5 percent. It is indicated to 
be a vinyl acetate copolymer. Other preferred vinyl acetate 
copolymers which are sold by the National Starch and Chemical 

30 Company include Dur-O-Set E-623 and Dur-O-Set E-646. Dur-O-Set 
E-623 is indicated to be ethylene vinyl acetate copolymers having 
a Tg of 0°C, 52% solids, a pH of 5.5 and a viscosity of 200 cps. 
Dur-O-Set E-646 is indicated to be an ethylene vinyl acetate 
copolymer with a Tg of -12°C, 52% solids, a pH of 5.5 and a 

35 viscosity of 300 cps. 

An alternate and useful binding material is the use of a 
zirconium compound. Zirconyl acetate is preferred zirconium 
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confound used. It is believed that zirconia acts as a high 
tenperature stabilizer, promotes catalytic activity, and inproves 
catalyst adhesion. Upon calcination, zirconium compounds such as 
zirconyl acetate are converted to Zr0 2 which is believed to be 

5 the binding material* Various useful zirconium compounds include 
acetates, hydroxides, nitrates, etc. for generating Zr0 2 in 
catalysts. In the case of using zirconyl acetate as a binder for 
the present catalysts, Zr0 2 will not be formed unless the 
radiator coating is calcined. Since good adhesion has been 

0 attained at a "calcination" temperature of only 120 P C, it is 
believed that the zirconyl acetate has not decomposed to 
zirconium oxide but instead has formed a cross linked network 
with the pollutant treating material such as Carulite* particles 
and the acetates which were formed f ran ball milling with acetic 

5 acid. Accordingly, the use of any zirconium containing compounds 
in the present catalysts are not restricted only to zirconia. 
Additionally, the zirconium compounds can be used with other 
binders such as the polymeric b inder recited above. 

An alternate poUtxtant treating catalyst compos i£ijo n> can 

0 comprise acti%rated_£arbon composition. The carbon composition 
comprises activated carbon, a binder, such as a polymeric binder, 
and optionally conventional additives such as defoamers and the 
like. A useful activated carbon coo?>osition comprises from 75 to 
85 weight percent activated carbon such as "coconut shell" carbon 

5 or carbon from wood and a binder such as an acrylic binder with 
a defoamer. Useful slurries comprise from 10 to 50 weight percent 
solids. Tfce activated carbon can catalyze reduction of ozone to 
oxygen, as well as adsorb other pollutants. 

Pollutant treating catalyst compositions of the present 

0 invention cfln be prepared in any suitable process. A preferred 
process is disclosed in U.S. Patent No. 4,134,860 herein 
incorporated by reference. In accordance with this method, the 
refractory oxide support such as activated alumina, titania or 
activated silica alumina is jet milled, impregnated with a 

5 catalytic metal salt, preferably precious metal salt solution and 
calcined at a suitable temperature, typically from about 300°C 
to about 600°C, preferably from about 350 P C to about 550°C, and 
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more preferably from about 400°C to about 500°C for from about 
0*5 to about 12 hours. Palladium salts are preferably a palladium 
nitrate or a palladium amine such as palladium tetraamine 
acetate, or palladium tetraamine hydroxide. Platinum salts 
5 preferably include platinum hydroxide solubilized in an amine. 
In specific and preferred embodiments the calcined catalyst is 
reduced as recited above. 

In an ozone treating composition, a manganese salt, such as 
manganese nitrate, can then be mixed with the dried and calcined 

10 alumina supported palladium in the presence of deionized water. 
The amount of water added should be an amount up to the point of 
incipient wetness. Reference is made to the method reviewed in 
the above referenced and incorporated U.S. Patent No. 4,134,860. 
The point of incipient wetness is the point at which the amount 

15 of liquid added is the lowest concentration at which the powdered 
mixture is sufficiently dry so as to absorb essentially all of 
the liquid. In this way a soluble manganese salt such as Mn(N0 3 ) 2 
in water can be added into the calcined supported catalytic 
precious metal. The mixture is then dried and calcined at a 

20 suitable temperature, preferably 400 to 500°C for about 0.5 to 
about 12 hours. 

Alternatively, the supported catalytic powder (i.e., 
palladium supported on alumina) can be combined with a liquid, 
preferably water, to form a slurry to which a solution of a 

25 manganese salt, such as Mn(N0 3 ) 2 is added. Preferably, the 
manganese component and palladium supported on a refractory 
support such as activated alumina, more preferably activated 
silica-alumina is mixed with a suitable amount of water to result 
in a slurry having from 15 to 40% and preferable 20 to 35 weight 

30 percent solids. The combined mixture can be coated onto a carrier 
such as a radiator and the radiator dried in air at suitable 
conditions such as 50°C to 150°C for 1 to 12 hours. The substrate 
which supports the coating can then be heated in an oven at 
suitable conditions typically from 300°C to 550°C, preferably 

35 350°C to 500°C, more preferably 350°C to 450°C and most 
preferably from 400°C and 500°C in an oxygen containing 
atmosphere, preferably air for about 0.5 to about 12 hours to 
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calcine the components and help to secure the coating to the 
substrate atmosphere contacting surface. Where the composition 
further comprises a precious metal component. It Is preferably 
reduced after calcining. 

The method of the present invention includes forming a 
mixture comprising a catalytically active material selected from 
at least one platinum group metal component, a gold component, 
a silver component, a manganese component and water. The 
catalytically activ e material can be on a suitable su pport , 
preferably a refractory oxide support. The mixture can be milled, 
calcined and optionally reduced. The calcining step can be 
conducted prior to adding the polymeric binder. It is also 
preferred to reduce the catalytically active material prior to 
adding the polymeric binder. The slurry comprises a carboxylic 
acid compound or polymer containing carboxylic acid in an amount 
to result in a pH of about from 3 to 7, typically 3 to 6, and 
preferably from 0.5 to 15 weight percent of glacial acetic acid 
based on the weight of the catalytically active material and 
acetic acid. The amount of water can be added as suited to attain 
a slurry of the desired viscosity. The percent solids are 
typically 20 to 50 and preferably 30 to 40 percent by weight. The 
preferred vehicle is deianized water (D.I.) . The acetic acid can 
be added upon forming the mixture of the catalytically active 
material, which may have been calcined, with water. 
Alternatively, the acetic acid can be added with the polymeric 
binder. A preferred composition to treat ozone using manganese 
dioxide as the catalyst can be made using about 1,500 g of 
manganese dioxide which is mixed with 2,250 g of deionized water 
and 75 g or acetic acid. The mixture is combined in a 1 gallon 
ballmill and ballmilled for about 8 hours until approximately 90% 
of the particles are less than 8 micrometers. The ballmill is 
drained and 150 g of polymeric binder is added. The mixture is 
then blended on a rollmill for 30 minutes. The resulting mixture 
is ready for coating onto a suitable substrate such as an 
automobile radiator according to the methods described below. 

The pollutant treating composition can be applied to the 
a tmos phere contacting surface by any suitable means such as spray 
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coating, powder coating, or brushing or dipping the surface into 
a catalyst slurry. 

The atmosphere contacting surface is preferably cleaned to 
remove surface dirt, particularly oils which could result in poor 
5 adhesion of the pollutant treating composition to the surface. 
Where possible, it is preferred to heat the substrate on which 
the surface is located to a high enough tenqperature to volatilize 
or burn off surface debris and oils. 

Where the substrate on which there is an atmosphere 

10 contacting surface is made of a material which can withstand 
elevated temperatures such as an aluminum radiator, the substrate 
surface cam be treated in such a manner as to improve adhesion 
to the catalyst composition, preferably the ozone carbon 
monoxide, and/or hydrocarbon catalyst composition. One method is 

15 to heat the aluminum substrate such as the radiator to a 
sufficient temperature in air for a sufficient time to form a 
thin layer of aluminum oxide on the surface. This helps clean the 
surface by removing oils which may be detrimental to adhesion. 
Additionally, if the surface is aluminum a sufficient layer of 

20 oxidized aluminum has been found to be able to be formed by 
heating the radiator in air for from 0.5 to 24 hours, preferably 
from 8 to 24 hours and more preferably from 12 to 20 hours at 
from 350°C to 500°C, preferably from 400 to 500°C and more 
preferably 425 to 475°C. In some cases, sufficient adhesion 

25 without the use of an undercoat layer has been attained where an 
aluminum radiator has been heated at 450°C for 16 hours in air. 
This method is particularly useful when applying the coating to 
new surfaces such as radiators or air conditioner condensers 
prior to assembly in a motor vehicle either as original equipment 

30 or replacement. 

Adhesion may inqprove by applying an unde rcoat or precoat to 
the substrate. Useful undercoats or precoats include refractory 
oxide supports of the type discussed above, with alumina 
preferred. A preferred undercoat to increase adhesion between the 

35 atmosphere contacting surface and an overcoat of an ozone 
catalyst composition is described in commonly assigned U.S. 
Patent No. 5,422,331 herein incorporated herein by reference. The 
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undercoat layer is disclosed as comprising a mixture of fine 
particulate refractory metal oxide and a sol selected from 
silica, alumina, zirconia and titania sols. In accordance with 
the method of the present invention, surfaces on existing 

5 vehicles can be coated while the substrate such as the radiator, 
radiator fan or air conditioner condenser is located on the 
vehicle. The catalyst composition can be applied directly to the 
surface. Where additional adhesion is desired, an undercoat can 
be used as recited above. 

0 Where it is practical to separate the radiator from the 

vehicle, a support material such as activated alumina, silica- 
alumina, bulk titania, titanium sol, silica zirconia, manganese 
zirconia and others as recited can be formed into a slurry and 
coated on the substrate preferably with a silica sol to improve 

5 adhesion. The precoated substrate can subsequently be coated with 
soluble precious metal salts such as the platinum and/or 
palladium salts, and optionally manganese nitrate. The coated 
substrate can then be heated in an oven in air for sufficient 
time (0.5 to 12 hours at 350° C to 550°C) to calcine the 

D palladium and manganese components to form the oxides thereof. 

The present invention can canqprise a dsorption composition s 
supported on the atmosphere contacting surface. The adsorption 
compositions can be used to adsorb gaseous pollutants such as 
hydrocarbons and sulfur dioxide as well as particulate matter 

5 such as particulate hydrocarbon, soot, pollen, bacteria and 
germs. Useful supported compositions can include adsorbents such 
as zeolite to adsorb hydrocarbons. Useful zeolitic compositions 
are described in Publication No. WO 94/27709 published December 
8, 1994 and entitled Nitrous Oxide Decomposition Catalyst hereby 

D incorporated by reference. Particularly preferred zeolites are 
Beta zeolite, and dealuminated Zeolite Y. 

C arbon, preferably activated ca rbon, can be formed into 
carbon adsorption compositions comprising activated carbon and 
binders_ such as polymers as known in the art. The carbon 

5 adsorption composition can be applied to the atmosphere 
contacting surface. Activated carbon can adsorb hydrocarbons, 
volatile organic components, bacteria, pollen and the like. Yet 
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another adsorption composition can include components which can 
adsorb S0 3 . A particularly useful S0 3 adsorbent is calcium oxide. 
The calcium oxide is converted to calcium sulfate. The calcium 
oxide adsorbent compositions can also contain a vanadium or 
5 platinum catalyst which can be used to convert sulfur dioxide to 
sulfur trioxide which can then be adsorbed onto the calcium oxide 
to form calcium sulfate. 

Referring generally to Figures 8-18 there are shown 
embodiments of the invention particularly adapted to removing 

10 pollutants from the atmosphere from a stationary substrate. By 
stationary substrate is meant a substrate which itself remains 
motionless or which is attached to a device which remains 
motionless (e.g. a motor vehicle at rest with the engine off) . 
Such substrates can be effectively used to remove pollutants from 

15 the atmosphere by the use of catalytic or adsorption compositions 
coated thereon. 

Referring specifically to Figure 8, there is shown a system 
60 for drawing ambient air into contact with a substrate having 
coated thereon with a pollutant treating can^osition. The 

20 substrate can be, for example, the grill 12, air conditioner 
condenser 14, radiator 16 or the radiator fan 18. 

The radiator fan 18 is activated with energy from a power 
source 62 such as a car battery, solar panel or the like. In 
accordance with one aspect of the invention a timing device 64 

25 can be set to have the fan 18 activated during a predetermined 
period of time when ozone pollution, for example, is at its peak 
(e.g. noon to 6 p.m.). When the timer reaches noon, the 
connection between the timing device 64 and power source 62 is 
switched on and sufficient power is supplied to the fan 18 to 

30 draw ambient air into the vehicle and into contact with the 
pollutant composition coated components of the vehicle. 

The temperature of the ambient air may be raised by 
incidental contact with a component of the substrate that has 
been heated (e.g. a motor vehicle engine) and is in the process 

35 of cooling down or by a separate heating device shown generally 
be numeral 65. The heating device may be independently activated 
or connected to the timing device 64. If so connected, the 
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heating device 65 will be activated only at the time that the 
system 60 is activated* 

The purpose of the heating device 65 is to elevate the 
temperature of the ambient air to make it easier to remove 
5 pollutants such as carbon monoxide which react best with the 
catalyst compositions at elevated temperatures. 

The present invention is also applicable to operating the 
air drawing device at times only when pollutants have reached a 
predetermined concentration level. Referring to Figure 9, there 

10 is provided a sensor 66 capable of detecting designated one or 
more pollutants (e.g. ozone) in the atmosphere. The sensor 66 
detects the amount of the pollutant in the ambient air being 
drawn in by the fan 18 and sends a signal to a controller 68. 
A comparison is made therein between the actual concentration of 

15 the pollutant in the ambient air and a predetermined 
concentration (e.g. 120 ppm for ozone). If the actual 
concentration exceeds the predetermined concentration, a signal 
is sent to the power source 62 to activate the fan 18 and 
commence the depolluting operation. 

20 An alternative embodiment within the scope of the present 

invention is to employ the temperature of the atmosphere as a 
variable in determining when to activate the system. Referring 
specifically to Figure 10, there is shown a sensor 70 adapted to 
detect the temperature of the ambient air and to transmit a 

25 signal, correspo nding to the actual temperature, to a temperature 
controller 72. The temperature sensor 70 may be any suitable 
s ens or currently used including those customarily used in motor 
vehicles. 

The temperature sensor 72 compares the signal corresponding 
30 to the actual temperature with a predetermined temperature (e.g. 
30°C) . If the actual temperature exceeds the predetermined 
temperature an "on" signal is sent to the power source 62 and the 
fan is activated. The use of a temperature sensor is a preferred 
embodiment of the invention because a) such sensors are 
35 relatively inexpensive and reliable b) there is a close 
correlation between the atmospheric temperature and the 
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concentration of pollutants in the atmosphere and c) many motor 
vehicles already have temperature sensors as standard equipment 

As previously indicated, a number of different power sources 
may be used to activate the air drawing device including standard 
5 motor vehicle batteries, solar panels and the like. When a power 
source, such as a battery, is used, it is preferred to determine 
whether there is ample power available to activate the system, 
otherwise the battery may lose power and the motor vehicle will 
not be able to start. It is therefore desirable to employ a 
10 power sensing device in the system which turns off the system 
when the power level of the battery is reduced. 

Referring to Figure 11, there is shown an embodiment of the 
invention employing a power sensor 74 operatively connected to 
the battery 62. The power sensor 74 detects the level of power 
15 (e.g. available voltage) in the battery 62 and transmits a signal 
to a controller 76. The signal corresponding to the actual 
amount of available power is con^pared to a predetermined level 
of power. If the actual available power is less than the 
predetermined power level an "off" signal is transmitted to the 
20 power source 62 and the system is thereby deactivated. 

As shown in Figure 11, the system described above may be 
coupled with a timing device or a pollution sensor or temperature 
sensor as described in connection with Figures 9 and 10, 
respectively. The operation of such a system can be explained 
25 with reference to Figure 12. If there is insufficient power 
detected by the sensor 74, the system will not activate. Even 
if the power level from the power source is sufficient to 
activate the system, the timing device 64 will only permit 
activation during the preselected period of time (e.g. noon to 
30 6 p.m.). Alternatively, if a pollution sensor is en^loyed , 
activation of the fan 18, even if sufficient power is available, 
will only be made when the concentration of pollutants in the 
ambient air exceeds a predetermined concentration. Still 
further, if a temperature sensor is used, activation will only 
35 occur if the temperature of the ambient air exceeds a 
predetermined temperature level. 
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The present Invention may employ a combination of sensors 
or timers so as to more precisely dictate when the system should 
be activated. By way of example, reference is made to Figure 13. 
There is provided both a timing device 64 and a temperature 
5 sensor 70. The operation of this system is described with 
reference to Figure 14. In operation, the timing device 64 may 
be set for a preselected time period (e.g. noon to 6 p.m.) . Once 
it is determined that there is sufficient power available as 
detected by the power sensor 76, the system will be activated 

10 during the preselected time period only if the actual temperature 
exceeds the predetermined temperature. If so, an appropriate 
signal is sent from the temperature controller 72 to the power 
source 62. Other embodiments reflecting similar arrangements 
would be apparent to those of ordinary skill such as the 

15 combination of a pollution sensor and a timing device and the 
like. 

The present invention also includes means by which the 
system may be remotely activated. Referring to Figure 15 there 
is shown a remotely positioned signal generator 78 capable of 

20 generating a signal such as a radiofreguency signal and the like. 
The generator may, for example, be a hand held remote customary 
used for keyless door locks or a device positioned in a permanent 
location. The motor vehicle or other stationary substrate is 
provided with a receiver 80 which receives the signal and 

25 translates the same into an "on" signal for activating the power 
source 62 to deliver power to the fan 18. 

This system like the others previously described is 
preferably provided with a power sensor 74 and controller 76 for 
assuring that the power source 62 has available a sufficient 

30 amount of reserve power to operate the system and allow the 
vehicle to start easily without depleting the power source. 

As previously indicated, the present invention is applicable 
to a variety of non-moving substrates. Referring to Figure 16, 
there is shown a free standing billboard assembly 90 comprising 

35 an advertisement display 92, a front support 94 and a rear 
support assembly 96. The pollutant treating composition may be 
applied to the front and rear supports 94, 96 and/or to the 
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perimeter 98 of the display 92. This embodiment of the invention 
relies on ambient air brought into contact with the pollutant 
treating composition through natural wind currents. 

Referring to Figure 17 , there is shown a customary 
5 residential window mounted air conditioning unit 100 comprised 
of a housing 102 containing therein an air conditioning assembly 
shown generally by the numeral 104 which includes a fan 106/ a 
condenser 108 and a motor (not shown) . Any or all of the 
surfaces of the air conditioning assembly 104 and housing 102 may 
10 be coated with the pollutant treating composition of the present 
invention. 

The present invention may also be applied to removing 
pollutants, particularly ozone from underground tunnels, such as 
transportation tunnels traveled by motor vehicles. Referring to 

15 Figure 18, there is shown a transportation t unne l 120, having an 
entrance 122 and exit 124 allowing motor vehicles to pass 
therethrough. In accordance with the present invention, the 
tunnel can be provided with a duct 126 having a forward opening 
128 for drawing or forcing air into the duct 126 by at least one 

20 fan 130. The fan 130 or other suitable surfaces within the duct 
126 or the duct itself may be coated with the pollutant treating 
composition of the present invention. In operation, the fans 
draw or force ambient air into the duct. As the air contacts 
coated surfaces within the duct, ozone is converted into oxygen 

25 which is then released through a rearward opening 132 or a vent 
134 positioned downstream of the fans 130. 

The present invention is illustrated further by the 
following examples which are not intended to limit the scope of 
this invention. Additionally, useful compositions are exemplified 

30 in commonly assigned and copending U.S. Serial No. , 

entitled VEHICLE HAVING ATMOSPHERE POLLUTANT TREATING SURFACE 
filed concurrently and having attorney docket number 3777C. 

Baanplfi 1 

A 1993 Nissan Altima radiator core (Nissan part number 
35 21460-1E400) was heat treated in air to 450°C for 16 hours to 
oxidize the surface and then a portion coated with high surface 
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area silica-alumina undercoat (dry loading - 0.23 g/in 3 ) by 
pouring a water slurry containing the silica-alumina through the 
radiator channels, blowing out the excess with an air gun, drying 
at room temperature with a fan, and then calcining to 450 °C. The 
5 silica-alumina slurry was prepared by ball milling high surface 
area calcined SRS-II alumina (Davison) with acetic acid (0.5% 
based on alumina) and water (total solids ca. 20%) to a particle 
size of 90% < 4/uxu The ball milled material was then blended 
with Nalco silica sol (#91SJ06S - 28% solids) in a ratio of 

10 25%/75%. The SRS-II alumina is specified to have a structure of 
xSi0 2 .yAl 2 0 3 .zH 2 0 with 92 - 95% by weight Aip 3 and 4 - 7% by 
weight Si0 2 after activation. BET surface area is specified to 
be a minimum of 260 m 2 /g after calcination. 

A Pd/Mn/Al 2 0 3 catalyst slurry (nominally 10% by weight 

15 palladium on alumina ) was prepared by impregnating high surface 
area SRS-II alumina (Davison) to the point of incipient wetness 
with a water solution containing sufficient palladium tetraamine 
acetate. The resulting powder was dried and then calcined for 
1 hour at 450 °C. The powder was subsequently mixed under high 

20 shear with a water solution of manganese nitrate (amount 
equivalent to 5.5% by weight Mn0 2 on the alumina powder) and 
sufficient dilution water to yield a slurry of 32 - 34% solids. 
The radiator was coated with the slurry, dried in air using a 
fan, and then calcined in air at 450°C for 16 hours. This ozone 

25 destruction catalyst contained palladium (dry loading - 263 g/f t* 
of radiator volume) and manganese dioxide (dry loading - 142 
g/ft 3 ) cm high surface area SRS-II alumina. The partially coated 
radiator reassembled with the coolant headers is shown in Figure 
7. 

30 Ozone destruction performance of the coated catalyst was 

determined by blowing an air stream containing a given 
concentration of ozone through the radiator channels at face 
velocities typical of driving speeds and then measuring the 
concentration of ozone exiting the back face of the radiator. 

35 The air had a temperature of about 20°C and had a dew point of 
about 35°F. Ozone concentrations ranged from 0.1 - 0.4 ppm. 
Ozone conversion was measured at linear air velocities (face 
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velocities) equivalent to 12.5 miles per hour to be 43%; at 25 
mph to be 33*; at 37.5 mph to be 30% and at 49 mph to be 24%. 

Rxamplfi 2 f COMPARATIVE) 
5 A portion of the same radiator used in Example l which was 

not coated with catalyst was similarly evaluated for ozone 
destruction performance (i.e. control experiment). No conversion 
of ozone was observed. 

Example 3 

10 A 1993 Nissan Altima radiator core (Nissan part number 

21460-1B400) was heat treated in air to 400°C for 16 hours and 
then a portion coated with Condea high surface area SBA-150 
alumina (dry loading - 0.86 g/in 3 ) by pouring a water slurry 
containing the alumina through the radiator channels, blowing out 

15 the excess with an air gun, drying at room temperature with a 
fan, and then calcining to 400°C. The alumina precoat slurry was 
prepared as described in Example 3. The radiator was then coated 
sequentially in 2" x 2" square patches with seven different CO 
destruction catalysts (Table II) . Each coating was applied by 

20 pouring a water slurry containing the specific catalyst 
formulation through the radiator channels, blowing out the excess 
with an air gun, and drying at room temperature with a fan. 

The Carulite* and 2% Pt/Al 2 0 3 catalysts (Patch #4 and #6, 
respectively) were prepared according to the procedure described 

25 in Example 3. The 3% Pt/ZrOj/SiOi catalyst (Patch #3) was made by 
first calcining 510g of zirconia/silica frit (95% Zr0 2 /5%Si0 2 - 
Magnesium Electron XZO678/01) for 1 hour at 500°C. A catalyst 
slurry was then prepared by adding to 480g of deionized water, 
468g of the resulting powder, 42g of glacial acetic acid, and 

30 79. 2g of a platinum salt solution (18.2% Pt) derived from 
H 2 Pt(OH) 6 solubilized with an amine. The resulting mixture was 
milled on a ball mill for 8 hours to a particle size of 90% less 
than 3jjm. 

The 3% Pt/Ti0 2 catalyst (Patch #7) was prepared by mixing in 
35 a conventional blender 500g of Ti0 2 (Degussa P25) , 500g of 
deionized water, 12 g of concentrated ammonium hydroxide, and 82g 
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of a platinum salt solution (18.2% Pt) derived from H 2 Pt(OH) 6 
solubilized with an amine . After blending for 5 minutes to a 
particle size of 90% less than S/jm, 32. 7g of Nalco 1056 silica 
sol and sufficient deionized water to reduce the solids content 
5 to ca. 22% was added. The resulting mixture was bl ended on a roll 
mill to mix all ingredients. 

The 3% Pt/Mn/ZrOz catalyst slurry (Patch #5) was prepared by 
combining in a ball mill 70g of manganese/ zirconia frit 
comprising a coprecipitate of 20 weight percent manganese and 80 

10 weight percent zirconium based on metal weight (Magnesium 
Elektron XZO719/01) , lOOg of deionized water, 3.5g of acetic acid 
and 11. 7g of a platinum salt solution (18.2% Pt) derived from 
H 2 Pt(OH) 6 solubilized with an amine. The resulting mixture was 
milled for 16 hours to a particle size 90% less than 10/xm. 

15 The 2% Pt/Ce0 2 catalyst (Patch #1) was prepared by 

impregnating 490g of alumina stabilized high surface area ceria 
(Rhone Poulenc) with 54. 9g of a platinum salt solution (18.2% Pt) 
derived from H 2 Pt(OH) 6 solubilized with an amine and dissolved in 
deionized water (total volume - 155mL) . The powder was dried at 

20 110°C for 6 hours and calcined at 400°C for 2 hours. A catalyst 
slurry was then prepared by adding 491g of the powder to 593g of 
deionized water in a ball mill and then milling the mixture for 
2 hours to a particle size of 90% less than 4^m. The 4.6% Pd/Ce0 2 
catalyst (Patch #2) was prepared similarly via incipient wetness 

25 iiqpregnation using 209. 5g (180mL) of palladium tetra amine acetate 
solution. 

After all seven catalysts were applied, the radiator was 
calcined for about 16 hours at 400°C. After attaching the 
radiator core to the plastic tanks, CO destruction performance 

30 of the various catalysts were determined by blowing an air stream 
containing CO (ca. 16ppm) through the radiator channels at a 5 
mph linear face velocity (315,000/h space velocity) and then 
measuring the concentration of CO exiting the back face of the 
radiator. The radiator temperature was ca. 95°C, and the air 

35 stream had a dew point of approximately 35°F. Results are 
summarized in Table II. 
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Ozone destruction performance was measured as described in 
Exaiqple 1 at 25°C, 0.25 ppm ozone, and a linear face velocity of 
10 mph with a flow of 135*2 L/min and an hourly space velocity 
of 640,000/h. The air used had a dewpoint of 35°F. Results are 
5 summarized in Table II. Figure 9 illustrates CO conversion v. 
temperature for Patch Nos. 3, 6 and 7. 

The catalysts were also tested for the destruction of 
propylene by blowing an air stream containing propylene (ca. 10 
ppm) through the radiator channels at a 5 mph linear face 
10 velocity, with a flow rate of 68.2 L/min and an hourly space 
velocity of 320,000/h, and then measuring the concentration of 
propylene exiting the back face of the radiator. The radiator 
tenperature was ca. 95°C, and the air stream had a dew point of 
approximately 35°F. Results are summarized in Table I. 

15 TABLE II - C0/HC/0Z0NE CONVERSION SUMMARY 

(SEE NEXT PAGE) 
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TABLE L= QQ ZHOQZQME PONWRSTOW SUMMARY 



PATCH # 


CATALYST 


CARBON MONOXIDB 
CONVERSION (ft) 1 


OZONB 
CONVERSION (%f 


PROPYLENE 
CONVERSION (ft)' 


1 


2ft Ft/Op, 
0.7gTm*(Z4^fePt) 


2 


14 


0 


2 


4.6ft Pd/CoG, 


21 


55 


0 


3 


3ft Pt/ZiCySiO, 
O^s/m^g/f^Pi) 


67 


14 


2 


4 


Cuulito200 
3ft SiO/AljOj binder 


5 


56 


0 


5 


3ftPt/Mn/ZrO, 


7 


41 


0 


6 


2ft Pt/AljO, 




8 


17 


7 


SftlVTiQ, . 
0.7g/in 5 (36g/ft 5 Pt) 
3ft SKV AJjOjKndcr 


68 


15 


18 



^ert Condition.: 16ppmCO; 95*C; 5 mph free vetoed 6e\2 Lfaim; IflSV (hourly .pace velocity) = mOOO/h; 
Air dewpoint «* 35T? 

»T«*t Condition*: 0.25 ppn O,; 25*C; 10 mph velocity; 135.2 Ltoin; LHSV (kxnty .p-ce velocity) - 640,000/h; 
Air dewpoint ■» 357 

>Te«tCWition»: lOppmptopyl^ 6ML/imn; LHSV (hooxty tptce velocity) = 
320.000/11; Ah- dewpoint « 35T 



Example.! 

After heat treatment for 60 hourp in air at 450°C, a 
Lincoln Town Car radiator core (part #FlVY-8005-A) was coated 
sequentially in 6" x 6" square patches with a variety of 

20 different ozone destruction catalyst compositions (i-e., 
different catalysts; catalyst loadings, binder formulations, 
and heat treatments) . Several of the radiator patches were 
precoated with a high surface area alu m i na or silica-alumina 
and calcined to 450 P C prior to coating with the catalyst. The 

25 actual coating was accomplished similarly to Example 1 by 
pouring a water slurry containing the specific catalyst 
formulation through the radiator channels, blowing out the 
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excess with an air gun, and drying at room temperature with 
a fan. The radiator core was then dried to 120°C, or dried to 
120°C and then calcined to 400 to 450°C. The radiator core 
was then reattached to its plastic tanks and ozone 
destruction performance of the various catalysts was 
determined at a radiator surface temperature of about 40°C to 
50°C and a face velocity of 10 mph as described in Example 1. 

Table I summarizes the variety of catalysts coated onto 
the radiator. Details of the catalyst slurry preparations are 
given below. 

A Pt/Al 2 0 3 catalyst (nominally 2% by weight Pt on A1 2 0 3 ) 
was prepared by Impregnating H4g of a platinum salt solution 
derived from H 2 Pt(OH) 6 solubilized in an amine, (17.9% Pt) , 
dissolved in 520g of water to lOOOg of Condea SBA-150 high 
surface area (specified to be about 150 m7g) alumina powder. 
Subsequently 49. 5g of acetic acid was added. The powder was 
then dried at 110°C for 1 hour and calcined at 550°C for 2 
hours. A catalyst slurry was then prepared by adding 875g of 
the powder to 1069g of water and 44. 6g of acetic acid in a 
ball mill and milling the mixture to a particle size 90% < 10 
ion. (Patches 1 and 4) 

A carbon catalyst slurry was a formulation (29% solids) 
purchased from Grant Industries, Inc., Elmwood Park, NJ. The 
carbon is derived from coconut shell. There is an acrylic 
binder and a defoamer. (Patches 8 and 12) 

The Carulite* 200 catalyst (CuO/Mn0 2 ) was prepared by 
first ball milling lOOOg of Carulite* 200 (purchased from 
Carus Chemical Co., Chicago, IL) with I500g of water to a 
particle size 90% < 6 /an. Carulite* 200 is specified as 
containing 60 to 75 weight percent fto0 2 , 11-14 percent CuO 
and 15-16 percent A1 2 0 3 . The resulting slurry was diluted to 
ca. 28% solids and then mixed with either 3% (solids basis) 
of Nalco #1056 silica sol or 2% (solids basis) National 
Starch #x4260 acrylic copolymer. (Patches 5, 9 and 10) 

The Pd/Mn/Al 2 0 3 catalyst slurry (nominally 10% by weight 
palladium on alumina) was prepared as described in Example 1. 
(Patches 2, 3 and 6) 
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An I.W. (incipient wetness) Pd/Mn/Al 2 0 3 catalyst 
(nominally 8% palladium and 5.5% Mn0 2 based on alu m i n a) was 
prepared similarly by first impregnating high surface area 
SRS-II alumina (Davison) to the point of incipient wetness 
5 with a water solution containing palladium tetraamine 
acetate. After drying and then calcining the powder for two 
hours at 450°C f the powder was reimpregnated to the point of 
incipient wetness with a water solution containing manganese 
nitrate. Again, after drying and calcination at 450°C for two 

10 hours, the powder was mixed in a ball mill with acetic acid 
(3% by weight of catalyst powder) and enough water to create 
a slurry of 35% solids. The mixture was then milled until the 
particle size was 90% < 8 m- (Patches 7 and 11) 

The Si0 2 /Al 2 0 3 precoat slurry was prepared as described 

15 in Example 1. (Patches 3 and 11) 

The A1 2 0 3 precoat slurry was prepared by ball milling 
high surface area Condea SBA-150 alumina with acetic acid (5% 
by weight based on alumina) and water (total solids ca. 44%) 
to a particle size of 90% < 10 /an. (Patches 9 and 12) 

20 Results are summarized in Table I. The conversion of 

carbon monoxide after being on the automobile for 5,000 miles 
was also measured at the conditions recited in Example 1 for 
patch #4. At a radiator temperature of 50°C and a linear 
velocity of 10 mph no conversion was observed. 

25 TABLE XI - CATALYST SUMMARY 

(SEE NEXT PAGE) 
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TAUT IT. IT - C ATAT.VST SUMMARY 



PATCH # 


CATALYST 


OZONE CONVERSION 
(*> 


1 


Pt/AljO, 
O^g/in'^g/fePt) 
No Precoat 
No Calcine (120^ only) 


12 


2 


Pd/Mn/AljOj 
0.97 g/in 5 (171 g/fPFd) 
No Precoat 
Calcined 450°C 


25 


3 


Ptf/Mn/AljO, 
1.19 g/in s (209 g/tfPd) 
SiOJMf}^ Precoat (0. 16 g/in 5 ) 
Calcined 450*C 


24 


4 


Pl/Alj0 3 
0.79 g/in 5 (27 g/ft 5 Ft) 
No Precoat 
Calcined 45(TC 


8 


5 


Carulite200 
0.4 9 g/in 3 
3% SKyAip, Binder 
No Precoat 
Calcined 400*C 


50 


6 


PbVMn/AljO, 
0.39 g/in 5 CTOg/tfPd) 
No Precoat 
Calcined 45CTC 


28 


7 


I.W. FbVMn/AIA 

v.07 K/m \yj g/nr ITlJ 

no trecoat 
No Calcine (120°C only) 


50 


8 


Carbon 
0.80 g/in 3 
No Precoat 
No Calcine (12CTC only) 


22 


9 


Carulite200 
0.65 g/in 3 
3% SiOj/AljO, Binder 
A^O, Precoat (0.25 g/in 5 ) 
Calcined 45CTC 


38 
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10 


Caxulite200 
0.70 g/in 5 
2% Latex Binder 

XT—. T>.i. -i ,-, - t 

no trecoai 
No Calcine (120°C only) 


42 


11 


LW. Pd/Mn/AljO, 
0.59 g/in 5 (82 g/f£ Pd) 
StO^A^O, precoat (0.59 g/in 5 ) 
No Calcine cither Coat (120°C only) 


46 


12 


Carbon 
1.07 g/in $ 
AljO, Precoat (0.52 g/in 3 ) calcined to 
450°C 

Topcoat not calcined (120°C only) 


17 



Example 5 

5 100 g of Versal GL alumina obtained from LaRoche 

Industries Inc. was impregnated with about 28 g of Pt amine 
hydroxide (Pt(A)salt) diluted in water to about 80 g of 
solution. 5 g of acetic acid was added to fix the Pt onto the 
alumina surface. After mixing for half hour, the Pt 

10 impregnated catalyst was made into a slurry by adding water 
to make about 40% solids. The slurry was ballmilled for 2 
hours* The particle size was measured to be 90% less them 10 
microns. The catalyst was coated onto a 1.5" diameter by 1.0" 
length 400 cpsi ceramic substrate to give a washcoat loading 

15 after drying of about 0.65 g/in 3 . The catalyst was then dried 
at 100°C and calcined at 550°C for 2 hours. This catalyst was 
tested for oxidation at temperatures between 60 and 100 °C 
in dry air as described in Example 8. 

Some of calcined Pt/Al 2 0 3 sample described above was also 

20 reduced in 7%H2/N2 at 400°C for 1 hour. The reduction step 
was carried out by ramp ing the catalyst temperature from 25 
to 400°C at a H2/N2 gas flow rate of 500 cc/min. The ramp 
temperature was about 5°C/min. The catalyst was cooled down 
to room temperature and the catalyst was tested for C 3 H 6 

25 oxidation as described in Example 8. 
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Example 6 

6.8 g of ammonium tungstate was dissolved in 30 cc of 
water and the pH adjusted to 10 and the solution impregnated 
onto 50 g of Versal GL alumina (LaRoche Industries Inc.) . The 
5 material was dried at 100°C and calcined for 2 hours at 
550°C. The approximately 10% by metal weight of W on A1 2 0 3 was 
cooled to roam temperature and impregnated with 13.7 g of Pt 
amine hydroxide (18.3% Pt) . 2.5 g of acetic acid was added 
and mixed well. The catalyst was then made into a slurry 

10 containing 35% solid by adding water. The slurry was then 
coated over a 400 cpsi, 1.5" x 1.0" diameter ceramic 
substrate resulting, after drying, in having a catalyst 
washcoat loading of 0.79 g/in 3 . The coated catalyst was then 
dried and calcined at 550 °C for 2 hours. The catalyst was 

15 tested calcined in C 3 H 6 and dry air in the temperature range 
60 to 100°C. 

Bsaaplfi 7 

6.8 g of perrhenic acid (36% Re in solution) was further 
diluted in water to make 10 g percent perrhenic acid 

20 solution. The solution was impregnated onto 25 g of Versal GL 
alumina. The impregnated alumina was dried and the powder 
calcined at 550°C for 2 hours. The impregnated 10 weight 
percent based metal of Re on A1 2 0 3 powder was then further 
impregnated with 6.85 g of Pt amine hydroxide solution (Pt 

25 metal in solution was 18.3%). 5 g of acetic acid was added 
and mixed for a half hour. A slurry was made by adding water 
to make 28% solid. The slurry was ballmilled for 2 hours and 
coated onto 1.5" diameter x 1.0" length 400 cpsi ceramic 
substrate to give a catalyst washcoat loading of 0.51 g/in 3 

30 after drying. The catalyst coated substrate was dried at 
100°C and calcined at 550°C for 2 hours. The catalyst was 
tested in the calcined form uBing 60 ppm C y Ks and dry air in 
the temperature range of 60 to 100°C. 

Ryampl (* ft 

35 The catalyst of Examples 5, 6 and 7 were tested in a 

microreactor. The size of the catalyst samples was 0.5" 
diameter and 0.4" length. The feed was composed of 60 ppm C 3 H 6 
in dry air in the temperature range of 25 to 100°C. The C 3 H 6 



WO 96/22150 



59 



PCT/US96/00869 



was measured at 60, 70, 80, 90 and 100 °C at steady sate 
condition. Results are summarized in Table III. 



TABLE III - SUMMARY RESULTS OF C3H6 CONVERSION 



10 



Catalyst 
Name 



%C3H6 
Conversion 
© 

60^ 

70°C 

80°C 

90°C 

100°C 



Pt/Al 2 0 3 Pt/Al 2 0 3 Pt/lO%W/Al 2 0 3 Pt/l0%Re/Al 2 O 3 



Calcined Calcined 



(Ex. 18) 



0 
7 

20 
38 
60 



and 
Reduced 
(Ex. 18) 



10 
22 
50 
70 
83 



Calcined 
(Ex. 19) 



9 

17 
39 
65 
82 



Calcined 
(Ex. 20) 



11 
27 
45 
64 
83 



It is clear from the Table that addition of W or Re 
15 oxide has enhanced the activity of the Pt/Al 2 0 3 in the 
calcined form. The C& 6 conversion of the calcined Pt/Al 2 0 3 was 
enhanced significantly when catalyst was reduced at 400 °C for 
1 hour. The enhanced activity was also observed for the 
calcined catalyst by incorporation of W or Re oxides. 



20 Rvaiqple 9 

This is an example of preparing high surface area 
cryptomelane using MnS0«. 

Molar ratios : KMnO, : MnS0 4 : acetic acid were 1 : 1.43 : 5.72 

Molarities of Mn in solutions prior to mixing were: 
25 0.44 M Kmn0 4 

0.50 M MnS0 4 

FW KMn0 4 = 158.04 g/mol 

FW MnS0 4 »H 2 0 « 169.01 g/mol 

FW C 2 H 4 0 2 = 60.0 g/mol 
30 The following steps were conducted: 

1. Made a solution of 3.50 moles (553 grams) of KMn0 4 in 
8.05 L of D.I. water and heated to 68°C. 
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2. Made 10.5 L of 2N acetic acid by using 1260 grams of 
glacial acetic acid and diluting to 10.5 L with D.I. 
water. Density of this solution is 1.01 g/mL. 

3. Weighed out 5.00 moles (846 grams) of manganous sulfate 
5 hydrate (MnS0 4 *H 2 0) and dissolved in 10,115 g of the 

above 2N acetic acid solution and heated to 40°C. 

4. Added the solution from 3. to the solution from 1. over 
15 minutes while continuously stirring. After addition 
was complete, began heating the slurry according to the 

10 following heat-up rate: 

1:06 pm 69.4°C 

1:07 pm 71.2°C 

1:11 pm 74.5°C 

1:15 pm 77.3°C 
15 1:18 pm 80.2°C 

1:23 pm 83.9°C 

1:25 pm 86.7°C 

1:28 pm 88.9°C 

5. At 1:28 pm approximately 100 mL of slurry was removed 
20 from the vessel and promptly filtered on a Buchner 

funnel, washed with 2 L of D.I. water, and then dried in 
an oven at 100 °C. The sample was determined to have a 
BET Multi-Point surface area of 259.5 m 2 /g and Matrix 
(T-Plot) surface area of 254.1 m 2 /g. 



25 Example ifl 

This is an example of preparing high surface area 
cryptomelane using Mn(CH 3 COO) 2 . 

Molar ratios: KMnO< : Mn(CH 3 C0 2 ) 2 : acetic acid were 
1:1.43:5.72 

30 FW KMn0 4 - 158.04 g/mol Aldrich Lot #08824MG 

FW Mn(CH 3 C0 2 ) 2 *H 2 0 - 245.09 g/mol Aldrich Lot #08722HG 
FW C 2 H<0 2 = 60 . 0 g/mol 

1. Made a solution of 2.0 moles (316 grams) of KMn0 4 in 
4.6 L of D.I. water and heated to 60°C by heating on 

35 hot plates. 

2. Made up 6.0 of 2N acetic acid by using 720 grams of 
glacial acetic acid and diluting to 6.0 L with D.I. 
water. Density of this solution is 1.01 g/mL. 
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3. Weighed out 2*86 moles (700 grains) of manganese (II) 
acetate tetrahydrate [Mn(CH 3 C0 2 ) 2 »4H20] and dissolved 
in 5780 g of the above 2N acetic acid solution (in 
the reactor vessel) . Heated to 60°C in the reactor 

5 vessel. 

4. Added the solution from 1. to the solution from 3. 
while maintaining the slurry at 62-63°C. After 
complete addition, gently heated the slurry according 
to the following: 

10 82.0°C at 3:58 pm 

86.5°C at 4:02 pm 
87.0°C at 4:06 pm 
87.1°C at 4:08 pm 
shut off heat 

15 then quenched the slurry by pumping 10 L of D.I. 

water into the vessel. This cooled the slurry to 58°C 
at 4:13 pm. 

The slurry was filtered on BCtchner funnels. The 
resulting filter cakes were reslurried in 12 L of 

20 D.I. water then stirred overnight in a 5 gallon 

bucket using a mechanical stirrer. The washed product 
was ref iltered in the morning then dried in an oven 
at 100°C. The sample was determined to have a BET 
Multi-Point surface area of 296.4 m 2 /g and Matrix (T- 

25 Plot) surface area of 267.3 m 2 /g. 

The resulting cryptamelane is characterized by the 
XRD pattern of Figure 20. It is expected to have an 
IR spectrum similar to that shown in Figure 19. 

30 Following is a description of the ozone testing 

method for determining percent ozone decomposition used in 
this Example. A test apparatus comprising an ozone 
generator, gas flow control equipment, water bubbler, 
chilled mirror dew point hygrometer, and ozone detector 

35 was used to measure the percent ozone destroyed by 
catalyst samples. Ozone was generated in situ utilizing 
the ozone generator in a flowing gas stream comprised of 
air and water vapor. The ozone concentration was measured 
using the ozone detector and the water content was 
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determined utilizing the dew point hygrometer. Samples 
were tested as 25°C using inlet ozone concentrations of 
4.5 to 7 parts per million (ppm) in a gas stream flowing 
at approximately 1.5 L/minute with a dew point between 
5 15°C and 17°C. Samples were tested as particles sized to 
-25/+4S mesh held between glass wool plugs in a 1/4" I.D. 
Pyrex® glass tube. Tested samples filled a 1 cm portion of 
the glass tube. 

Sample testing generally required between 2 to 16 

10 hours to achieve a steady state of conversion. Samples 
typically gave close to 100% conversion when testing began 
and slowly decreased to a "leveled off* conversation that 
remained steady for extended periods of time (48 hours) . 
After a steady state was obtained, conversions were 

15 calculated from the equation: % ozone conversion = [(l- 
(ozone concentration after passing over catalyst) / (ozone 
concentration before passing over catalyst) ] *100. 

Ozone destruction testing on the sample of Example 9 
showed 58% conversion. 

20 Ozone destruction testing on the sample of Example 10 

showed 85% conversion. 

Example 12 

This example is intended to illustrate that the 
method of Example 10 generated "clean 9 high surface area 

25 cryptomelane for which the ozone destruction performance 
was not further enhanced by calcination and washing. A 20 
gram portion of the sample represented by Example 10 was 
calcined in air at 200°C for 1 hour, cooled to room 
temperature, then washed at 100°C in 200 mL of D.I. water 

30 by stirring the slurry for 30 minutes. The resulting 
product was filtered and dried at 100 °C in an oven. The 
sample was determined to have BET Multi- Point surface area 
of 265 m 2 /g. Ozone destruction testing on the sample showed 
85% conversion. A comparison to the testing of the sample 

35 of Example 10 demonstrated that no benefit in ozone 
conversion was realized from the washing and calcination 
of the sample of Example 10. 
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Samples of high surface area cryptomelane were 
obtained from commercial suppliers and modified by 
calcination and/or washing. As received and modified 
5 powders were tested for ozone decomposition performance 
according to the method of Example 11 and characterized by 
powder X-ray diffraction, infrared spectroscopy, and BET 
surface area measurements by nitrogen adsorption. 

KXflmple "Ha 

10 A commercially supplied sample of high surface area 

cryptomelane (Chemetals, Inc., Baltimore, MD) was washed 
for 30 minutes in D.I. water at 60°C, filtered, rinsed, 
and oven-dried at 100°C. Ozone conversion of the as 
received sample was 64% compared to 79% for the washed 

15 material. Washing did not change the surface area or 
crystal structure of this material (223 m 2 /g cryptomelane) 
as determined by nitrogen adsorption and powder X-ray 
diffraction measurements, respectively. However, infrared 
spectroscopy showed the disappearance of peaks at 1220 and 

20 1320 wavenumbers in the spectrum of the washed sample 
indicating the removal of sulfate group anions. 

Example I2h 

Commercially supplied samples of high surface area 
cryptomelane (Chemetals, Inc., Baltimore, MD) were 

25 calcined at 300°C for 4 hours and 400°C for 8 hours. Ozone 
conversion of the as received material was 44% compared to 
71% for the 300°C calcined sample and 75% for the 400°C 
calcined sample. Calcination did not significantly change 
the surface area or crystal structure of the 300°C or 400°C 

30 samples (334 m 2 /g cryptomelane) . A trace of Mn 2 0 3 was 
detected in the 400°C sample. Calcination causes 
dehydroxylation of these samples. Infrared spectroscopy 
show a decrease in the intensity of the band between 2700 
and 3700 wavenumbers assigned to surface hydroxyl groups. 

35 Example 14 

The addition Pd black (containing Pd metal and oxide) 
to high surface area cryptomelane is found to 
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significantly enhance ozone decomposition performance. 
Samples were prepared comprising Pd black powder 
physically mixed with powders of (1) a commercially 
obtained cryptomelane (the 300°C calcined sample described 
5 in Example 13b) and (2) the high surface area cryptomelane 
synthesized in Example 10 calcined at 200°C for 1 hour. 
The samples were prepared by mixing, in a dry state , 
powder of Pd black and cryptomelane in a 1:4 proportion by 
weight. The dry mixture was shaken until homogeneous in 

10 color. An amount of D.I. water was added to the mixture in 
a beaker to yield 20-30% solids content , thus forming a 
suspension. Aggregates in the suspension were broken up 
mechanically with a stirring rod. The suspension was 
sonicated in a Bransonic® Model 5210 ultrasonic cleaner 

15 for 10 minutes and then oven dried at 120-140°C for 
approximately 8 hours. 

The ozone conversion for the commercially obtained 
cryptomelane calcined at 300°C was 71% as measured on the 
powder reactor (Exanple 13b) . A sample of this product was 

20 mixed with 20 weight percent Pd black yielded 88% 
conversion. 

The cryptomelane sample prepared as in Example 10 
calcined at 200 °C had 85% conversion. Performance improved 
to 97% with 20 weight percent Pd black added. 



25 
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In the claims; 

1 . A method for treating the atmosphere comprising 
passing ambient air to be treated into operative contact 
with a stationary substrate having at least one ambient 

5 air contacting surface with a pollutant treating 
composition thereon. 

2. The method of claim 1 wherein the pollutant 
treating conqposition is at least one composition selected 
from the group consisting of a catalyst composition and an 

10 adsorption composition, 

3. The method of claim 2 wherein the pollutant 
treating composition is a catalytic composition for 
converting ozone to oxygen. 

4. The method of claim 1 wherein the stationary 
15 substrate is part of a motor vehicle at rest with the 

engine off. 

5. The method of claim 4 wherein the non-moving 
motor vehicle is selected from the group consisting of 
automobiles , trucks, trains, aircraft, boats, ships and 

20 motorcycles . 

6. The method of claim 1 canprising drawing or 
forcing ambient air into operative contact with the 
substrate under conditions in which a pollutant in the 
ambient air undergoes a reaction with the pollutant 

25 treating composition. 

7. The method of claim 6 further comprising 
selectively drawing or forcing the ambient air into 
operative contact with the substrate when the pollutants 
Contained within the ambient air are at elevated 

3 0 concent rat ions . 

8. The method of claim 7 comprising sensing the 
concentration of pollutants within the ambient air and 
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selectively drawing or forcing air into operative contact 
with the substrate when the concentration of pollutants 
exceeds a predetermined level of said pollutants* 

9. The method of claim 8 comprising generating a 
5 first signal corresponding to the concentration of 

pollutants in the ambient air, comparing the first signal 
to a second signal corresponding to a predetermined 
concentration of pollutants, and if the first signal 
exceeds the second signal, the transmitting a third signal 
10 to the power source to activate a device for drawing or 
forcing the ambient air into contact with the substrate. 

10. The method of claim 1 comprising sensing the 
temperature of the ambient air, comparing the temperature 
of the ambient air with a predetermined temperature 

15 indicative of a minimum concentration of pollutants in the 
ambient air and drawing or forcing the ambient air into 
operative contact with the substrate when the sensed 
temperature equals or exceeds the predetermined 
temperature. 

20 u. The method of claim 10 comprising generating a 

first signal corresponding to the temperature of the 
ambient air, comparing the first signal to a second signal 
corresponding to a predetermined temperature , and if the 
first signal exceeds the second signal, transmitting a 

25 third signal to the power source to activate a device for 
drawing or forcing the ambient air into contact with the 
substrate. 

12. The method of claim 7 further comprising 
selecting a predetermined time period and drawing or 

30 forcing the ambient air into contact with the substrate 
only during said preselected time period. 

13. The method of claim 6 further comprising 
discontinuing the step of selectively drawing or forcing 
the ambient air into operative contact with the substrate 
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when the power necessary to perform said step is below a 
predetermined level. 

14. The method of claim 13 comprising generating a 
first signal corresponding to the power level of the power 

5 source, comparing the first signal to a second signal 
corresponding to a predetermined power level, and if the 
second signal exceeds the first signal, transmitting a 
third signal to the power source to deactivate a device 
for drawing or forcing the ambient air into contact with 
10 the substrate. 

15. The method of claim 8 further comprising 
discontinuing the step of selectively drawing or forcing 
the ambient air into operative contact with the substrate 
when the power necessary to perform said step is below a 

15 predetermined level. 

16. The method of claim 10 further comprising 
discontinuing the step of selectively drawing the ambient 
air into operative contact with the substrate when the 
power necessary to perform said step is below a 

20 predetermined level. 

17. The method of claim 10 further comprising 
selecting a predetermined time period and drawing the 
ambient air into contact with the substrate only during 
said preselected time period. 

25 18. The method of claim 1 comprising generating a 

first signal from a location remote from the substrate, 
receiving the first signal at a location proximate to the 
substrate, said first signal for activating a device for 
drawing the ambient air into contact with the substrate. 

30 19. The method of claim 18 wherein the first signal 

is a radiofrequency signal. 

20. The method of claim 18 further coiqprising 
discontinuing the step of selectively drawing the ambient 
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air into operative contact with the substrate when the 

power necessary to perform said step is below a 
predetermined level. 

21. The method of claim 1 further comprising 
5 increasing the temperature of the ambient air before 

passing the ambient air over the ambient air contacting 
surface . 

22. Apparatus for treating the atmosphere 
comprising: 

10 (a) a stationary substrate having at least one 

ambient air contacting surface; 

(b) a pollutant treating canposition affixed to 
the ambient air contacting surface; and 

(c) ambient air passing means for passing 
15 ambient air into operative contact with the pollutant 

treating composition of the stationary substrate. 

23. The apparatus of claim 22 further comprising a 
power source operatively connected to the ambient air 
passing means. 

20 24. The apparatus of claim 22 wherein the stationary 

substrate comprises a motor vehicle at rest with the 
engine off. 

25. The apparatus of claim 24 wherein the ambient 
air contact surface is at least one surface selected from 

25 surfaces of a radiator, condenser and fan. 

26. The apparatus of claim 22 further comprising 
heating means for raising the temperature of the ambient 
air. 

27. The apparatus of claim 22 comprising sensing 
30 means for sensing elevated concentrations of at least one 

pollutant in the ambient air and response means for 
selectively drawing or forcing the ambient air into 
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operative contact with the substrate when the sensing 
means senses an elevated concentration of said pollutant. 

28. The apparatus of claim 27 comprising first 
signal generating means for generating a signal 

5 corresponding to the concentration of the pollutant in the 
ambient air, comparing means for comparing the first 
signal to a second signal corresponding to a predetermined 
concentration of the pollutant, and transmitting means for 
transmitting a third signal to a power source to activate 
10 the ambient air passing means to enable the ambient air to 
contact the pollutant treating composition when the first 
signal exceeds the second signal. 

29. The apparatus of claim 22 further comprising 
temperature sensing means for sensing the temperature of 

15 the ambient air, comparing means for comparing the 
temperature of the ambient air with a predetermined 
temperature indicative of a minimum concentration of 
pollutants in the ambient air and response means for 
selectively drawing or forcing the ambient air into 

20 operative contact with the substrate when the temperature 
of the ambient air exceeds the predetermined temperature . 

30. The apparatus of claim 29 comprising first 
signal generating means for generating a signal 
corresponding to the temperature of the ambient air, 

25 comparing means for comparing the first signal to a second 
signal corresponding to a predetermined temperature, and 
transmitting means for transmitting a third signal to a 
power source to activate the response means. 

31. The apparatus of claim 22 further comprising 
30 timing means for preselecting a time period and response 

means for operating the ambient air passing means only 
during said preselected time period. 

32. The apparatus of claim 23 further comprising 
means for sensing the power level in said power source, 

35 comparing means for comparing the power level in the power 



WO 96/22150 



70 



PCIYUS96/00869 



source with a predetermined level of power and response 
means for selectively drawing or forcing the ambient air 
into operative contact with the substrate when the power 
level exceeds the predetermined power level. 

5 33. The apparatus of claim 32 comprising first 

signal generating means for generating a signal 
corresponding to the power level of the power source, 
comparing means for comparing the first signal to a second 
signal corresponding to a predetermined power level and 
10 transmitting means for transmitting a third signal the 
power source to activate the response means. 

34. The apparatus of claim 22 comprising first 
signal generator means positioned at a location remote 
from the substrate for generating a first signal for 

15 activating the ambient air passing means, receiving means 
positioned at a location proximate to the substrate for 
receiving the first signal and for activating the ambient 
air passing means. 

35. The apparatus of claim 23 wherein the power 
20 source is a solar cell. 
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